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Reinforced concrete, concrete-steel, and armored concrete are 
terms given to a construction composed principally of concrete 
and having a small amount of metal so embedded as to take the 
principal tensile stresses and perhaps the secondary tensile and 
shearing stresses developed. As the strength of concrete in com- 
pression is several times its strength in tension, and as plain con- 
crete breaks in tension without warning, the addition of the metal 
corrects a deficiency of plain concrete, and the combination forms 
a structure which has many important applications in engineering 
and architectural construction. With the development of the 
Portland cement industry and the rapid extension of the use of 
concrete, it is not strange that reinforced concrete has come into 
favor and that its use in buildings, arches, and foundations has 
grown rapidly. The advantages offered by reinforced concrete for 
many lines of construction are quite apparent, but conservative 
engineers and architects have been somewhat reluctant to employ 
it because of the feeling that the principles governing its strength 
and action have not been well established. 

Many tests have been made on reinforced concrete and con- 
siderable valuable information is available. However, such data 
are scattered widely through various engineering publications and 
the results are not altogether consistent. Some of these tests were 
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made to find the effect of using special forms of reinforcement, 
others to get results for special construction.» Many of the beams 
tested, although giving results of value for the comparison of cer- 
tain properties, were altogether too small for the determination 
of constants for full sized beams and such results may even be 
misleading when applied to the establishment of principles where 
size affects relative properties. Many tests giving only breaking 
loads are useless for establishing principles. Considering the vari- 
ety of aims and of methods of experiment and the common effort 
to adjust data to various theoretical analyses, it is uot strange 
that engineers hold conflicting opinions and that discordant data 
and divergent theories are presented. 

The investigation herein described was undertaken with the 
hope of adding somewhat to the knowledge of reinforced concrete 
and of helping to uncover the field for future experimentation. 
The tests were made in the Laboratory of Applied Mechanics of 
the University of Illinois. In addition to the experiments on 
reinforced concrete beams, tests were conducted on concrete beams, 
on bond of steel and concrete, and on the elasticity and strength 
of concrete in tension and compression along lines which promised 
to have a bearing upon the properties of reinforced concrete 
beams. The work was done principally as thesis work. The data 
have now been worked over and the calculations checked, new 
drawings made, and results more fully studied and discussed. The 
thesis on Flexure of Plain and Reinforced Concrete Beams was 
presented by Messrs. R. V. Engstrom, F. E. Mills, S. D. Brown, 
and R. J. Blackburn, of the class of 1904. The thesis on Adhesive 
30nd of Concrete and Steel was presented by J. W. Davis, of the 
elass of 1904. The work on the elasticity and strength of concrete 
in tension and compression is being carried on by R. H. Slocum, 
Instructor in Theoretical and Applied Mechanies, as graduate 
work. 

The work on elasticity and strength of conerete in tension 
and compression may be said to be only fairly begun and the 
results obtained are of value principally in outlining further in- 
vestigation along this line. The tests on bond of steel and con- 
crete were planned to cover only a limited field, but they have an 
important bearing on certain disputed points in the design of re- 
inforeced concrete beams. The modulus of rupture, coeflicient of 
elasticity, deformation of fiber, and general behavior of the plain 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 3 


concrete beams throw light upon the action of reinforced concrete 
beams. 

It was considered best to restrict the scope of the investigation 
of reinforced concrete beams to a few elementary matters and thus 
reduce the number of variables low enough to enable conclusions 
to be drawn, Simple beams with one method of loading; concrete 
of one mixture and one consistency ; generally a single size of test: 
beam; a single age for testing, and this sufficient to reduce varia- 
tions from effect of differences of moisture and temperature to a 
small amount; precautions against failure by shearing and sec- 
ondary stresses,—these went to help satisfy this requirement. It was 
also considered wise to use beams larger than the usual test beam 
and thus get a better basis for measurement and more nearly 
approach working conditions. The large size chosen reduced the 
number of beams which could be tested, since there was a limita- 
tion to materials, floor space, and time, but this was more than 
made up by the uniformity of the beams and the reliability of in- 
dividual results. Some of the variations in conditions were put 
out as feelers, rather than with the expectation of making final 
determinations. 

In planning the series of tests of beams it was felt that a 
determination of the following matters would be of value: 
1. The general action of the beam during the progress of the 
loading and the method of its final failure. 2. The deformations 
and so far as possible the stresses in the metal reinforcement, the 
deformations in the concrete, and the conditions at the maxi- 
mum load taken by the beam. 38. The effect of the form of the 
reinforcing bar. 4. The effect of the amount of reinforcement. 
5. The position of the neutral axis and the measure of the resist- 
ing moment of the beam. It was anticipated that some of the 
beams might fail in the manner frequently called shear. In an 
effort to avoid this the reinforcing bars in a part of the beams were 
bent upward at their ends, but no special investigation of the 
effect of this arrangement was made and no beams failed by shear. 

Twenty-two reinforced concrete beams were tested. All but 
one of these had the dimensions: length 15 ft. 4 in., breadth 12 
in., depth 133 in., center of metal reinforcement 12 in. below top 
surface of beam. The span length was 14 ft. The load was ap- 
plied at the one-third points of the beam. Deflections of the 
beam and elongation and shortening between points near the 
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lower and upper surfaces were observed. . Loads were in some 
cases added continuously, and in others released at partial load- 
ing and reapplied. 

The following division will be made: I. Materials. II. 
Test Pieces. III. Details of Tests. IV. Experimental Data. V. 
Discussion. The diagrams showing graphically the results of the 
tests of reinforced concrete beams and the tables giving detailed 
observations follow the text. 


I. MATERIALS. 


In order that the materials should not differ from materials 
used in general practice, the stone, sand, cement, and plain re- 
inforcing bars were purchased in the open market. The patented 
bars were furnished through the courtesy of companies in control 
of them. 

Stone.—The stone was a good quality of screened limestone 
from Kankakee, Illinois, ordered to pass a 13-in. screen and to be 
retained on a 2-in. screen. Table 1 shows the proportion of sizes 
determined from two samples of 15 lb. each. It weighed 85 lb. 
per cu. ft. loose and contained 44 per cent. voids. In the determi- 


TABLE 1. 


ANALYSIS OF STONE. 


~ Amount 


Diameter of eee: Per cent 
mesh, inches oe passing 
2 0 100.0 
il 2.60 82.7 
3 8.45 26.3 
4 3.00 6.3 
No. 10 sieve. 60 2.3 
Dust 385 


nation of the proportion of voids in both stone and sand, the ma- 
terial was poured slowly into the water so that the voids became 
filled with water, and no air was entangled. 

Sand.—The sand was of good quality and came from the Wa- 
bash river at Attica, Indiana. It was sharp and well graded in 
size and was fairly clean, containing about3 per cent. clay. It 
had 29 per cent. voids and weighed 115 lb. per cu. ft. loose. 


‘ ; : : 
Table 2 gives the average results of mechanical analysis of two 
samples. 
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TABLE 2. 


ANALYSIS oF SAND. 


Dia. mesh Per cent. 


Sieve No. 
mm. passing. 

4 ae 100.0 
10 2.46 79.8 
20 1.023 54.5 
50 492 il¢egil 
74 .288 6.0 
100 ae 2.0 


Cement.—Chicago AA Portland cement was used. Table 8 
gives the tensile strength of both neat cement and 1:3 mortar for 
ages of 7 and 60 days: The briquettes were thumb-rammed and 
were stored in damp air for one day and under water for the rest 
of the time. : 


TABLE 3. 
TENSILE STRENGTH OF CEMENT. 
Ref. Ultimate Strength, lb. per sq. in. 
Age 7 days Age 60 days 
No. Neat i:3 Mortar Neat 1:3 Mortar 
1 660 280 600 375 
2 730 235 715 380 
3 810 245 740 430 
4 900 220 870 445 
5 745 200 845 410 
6 695 215 960 360 
Av. 756 233 755 400 


Concrete.—It was not deemed best to use a very rich concrete. 
Uniformity was the quality most desired; a man skilled in mak- 
ing concrete assisted in the work; and great care was taken in 
the measuring, mixing and tamping to produce a concrete as 
nearly uniform as possible. A preliminary sample of 1:38: 6 con- 
crete, examined a few days after making, seemed so satisfactory 
that this proportion was adopted. With this proportion and these 
materials the voids in the broken stone were somewhat more than 
filled with mortar. All materials were measured by loose 
volume; one sack of cement, weighing 95 lb., measured 14 
cu. ft. loose, which was adopted as the unit of measure. The 
mixing was done with shovels by hand. The sand and cement 
were first mixed dry; the stone was added and turned several 
times, after which the water was added and the mass mixed until 
uniform in appearance. A moderately wet concrete was used, 
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such that water flushed to the surface under light tamping. Six 
6-in. concrete cubes, stored in water after One day, gave an aver- 
age crushing strength of 2080 ib. per sq. in. at 60 days. Wher- 
ever the concrete broke in tension, it did so by breaking through 
the pieces of aggregate and not around them. 

Metal.—The reinforcement used consisted of plain square, 
plain round, Thacher, Kahn, Johnson, and Ransome bars. 

The plain bars used were of three sizes, $ in. and # in. square, 

and 4in. round. ‘The actual sections corresponded closely to 
the nominal ones. The elastic limit was 83000 to 85000 lb. per sq. 
in. Some of the rods used in the test of bond of steel and con- 
erete were of higher elastic limit. 
The Thacher bar is shown in Fig. 1. 
sa — The nominal diameter of the one size 
Fie. 1.—TnHacuer Bar. used was %in. and the actual average 
area was 0.40 sq. in. The metal had an 
elastic limit of about 35000 Ib. per sq. in 

The Kahn bar, shown in Fig. 2, is designed to resist diagonal 
tensile stresses developed in connection with shearing stresses. 
It is a square bar with webs projecting at the opposite ends of a 
diagonal. These webs are sheared from the main bar and bent up 


Ses O. ce Bar. 


at an angle of 45°. The two sizes used were catalogued as 4 in. 
and } in.; the actual areas including the webs were 0.40 and 0.80 
sq. in. re wecusere On the 4 in. size the fins were 6 in. long, and 
on the ? in. size, 12m. A leneth of 42 in. on the $-in. bar and of 
36 in. on the }in. bar at the middle of the bar has no fins and has 
the full section of metal. The elastic limit of the metal was 83000 
to 35000 lb. per sq. i 

The Johnson bar is shown in Fig. 8. Two sizes were used, 
catalogued as 4 in. and }in.; the actual average areas were 0.20 
and 0.865 sq. in. seepacn alae The elastic limit of the steel was 


from 55000 to 60000 1b. per sq. in. In the cold bend test the bars 
broke suddenly when bent about 


100 degrees. The actual average 
area of the different forms of re- 
inforcing bars is used rather than Fie. 8.—Jonunson Bar. 
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the net section because the relation between stress and deforma- 
tion given by the coefficient of elasticity of steel commonly quoted 
requires it as shown by tests with extensometers, 

The Ransome bar is twisted from a square bar. Only enough 
material for one beam was secured. The elastic limit, though 
not determined, was also high. 


Il. Tesr Preces. 


Plain concrete in compression.—The tests to determine the 
stress-deformation relation of concrete were made on cylinders 8 
inches in diameter, some 82 inches and others 16 inches long. The 
forms consisted of two half cylinders of galvanized iron with edges 
overlapping, held together by bolted wooden frames. 

Plain concrete in tension.—The tests to determine the stress- 
deformation relation of concrete in tension were made on cyl- 
inders 8 in. in diameter and 82 in. long. For 6 in. at each end 
the cylinders were made of 1:3 mortar into which }-in. bolts were 
embedded as shown in Fig. 7. The forms were the same as those 
used for the compression test pieces. 

Bond of steel and concrete.—The tests to determine the bond 
of steel and concrete were made with steel bars of various types 
and sizes encased for a length of 12 in. in a 6-in. cylinder of con- 
crete. Two specimens were made with bars encased for a length 
of 24in. One end of the bar was placed flush with one end of the 
cylinder; the other end projected 15 inches to furnish a grip for the 
pulling head. The forms consisted of half cylinders of galvanized 
iron held together by hoops with bolted flanges. 

Plain concrete beams.—Nine concrete beams without re- 
inforcement were tested. These were all 12 in. wide and 183 in. 
deep. In length three were 15 ft. 4 in., two were 12 ft., two were 
9 ft. 6 in., and two were 6 ft. The forms are described later. 

Reintorced concrete beams.—All reinforced concrete beams 
were 12 in. wide. One, No. 29, was 8 in. deep and 12 ft. long; 
the other twenty-one were 183 in. deep and 15 ft. 4in. long. The 
amount and kind of reinforcement in each is shown in Table 4; 
the percentage of reinforcement is the ratio of the area of the 
metal to the area of the concrete above the center of the metal. 
The metal was placed in a plane 14 in. above the bottom, and 
evenly spaced across the breadth of the beam, the space between 
the side of the beam and the nearest bar being one-half that be- 
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tween any two consecutive bars. In a number of beams a part of 
the bars were turned up after the manner shown in Fig. 4. 
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Fie. 4—Dzisposition oF METAL. 


In all cases the bars so bent were placed to make the section 
symmetrical with respect to a plane through the middle of the 
breadth of the beam. In Table 4 are given the number of bars 
turned up in each case. 

TABLE 4. 


Data on BEAms. 


Beam | Am’t and Kind of | Percent. | No. of bars Age at 


No. Reinforcement of Metal bent up Test 
1 3 #-in. Thacher.... 0.83 0 61 
He 5 g-in. Johnson.... 0.69 0 64 
3 3 3-in. Johngon.... 0.42 2 63 
4 Dns Kahne 1.39 0 63 
5 3 4-in. Kahn...... 0.83 0 65 
6 7 4-in. Johnson.... 0.97 3 63 
7 3 3-in. Johnson.... 0.42 0 63 
9 3 3-in. Ransome... 0.52 8 stirrups 62 

10 3 #-in. Thacher.... 0.83 2 62 

12 Bere, MeN sooo 0.83 0 65 

1S 7 4-in. Johngon.... 0.97 4 3 

14 4 3-in. Kahn...... i 0 65 

15 3 #-in. Thacher 0.83 2 64 

16 3 3-in. Plain Square 0.52 2 60 

17 3 3-in. Plain Square 0.52 2 60 

19 3 3-In. Plain Round 0.41 2 60 

20 5 g-in. Johnson.... 0.69 3 61 

21 3 3-in. Plain Round 0.41 2 61 

22 Sey IMO. 5 cee 1.67 0 63 

27 4 #-in. Plain Square 1.56 2 3 

28 6 #-in. Johnson.... 1252 4 61 

29 6 3-in. Johnson... . 1.48 2 59 


Making of beams.—The beams were made directly on the 
concrete floor of the laboratory, except that a strip of building 
paper was spread beneath the beams. <A general view of the col- 
lection may be seen in Fig. 7. The details of the forms used are 
shown in Fig. 5. The sides consisted of 2-in. plank dressed on the 
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one surface. The ends were of 
the same material and were held 
in place by cleats on the sides. 
Braces as shown in Fig. 5 were 
placed every 3 feet to hold the 
forms together and to prevent 
bulging during the tamping of the a0 View Lia ew 
concrete. The design is to be Fic. 5—Forms. 
recommended for ease of erection and removal and for its adapt- 
ability to a range of sizes. The beams were made in layers of 
about 4 in. After each layer had been tamped once, a flat spade 
was forced between the face of the form and the concrete to pro- 
duce a better surface and the layer then retamped. No tamping 
was done in the horizontal plane of the bars lest it should tend to 
cause a plane of rupture. The upper surface was finished with a 
thin layer of 1:3 mortar. The beams were numbered consecutively 
in the order of their manufacture and will be referred to in the 
following discussion by these numbers. 

Storage.—The temperature of the laboratory in which the 
beams were stored ranged between 60° and 70° F. Nothing was 
done to protect the surface, such as sprinkling or covering with 
damp canvas, but no cracks were formed, even in the finished 
mortar surface, due to shrinkage cr rapid evaporation. The gen- 
eral age of the specimens when tested was 60 days, a time suffi- 
cient to reduce the effects of variations in mixing, consistency, 
rate of setting, etc., to a negligible factor. The exact ages of the 
reinforced beams are given in Table 4, and of the plain concrete 
beams in Table 8. 


Ill. Deraus or TEsts. 


The work done up to this time on the stress-deformation rela- 
tions of concrete in tension and in compression has been given in 
a large measure to a study of the methods by which such tests 
should be made. The tests were made on the 200,000-lb. Olsen 
testing machine. Loads were generally applied continuously and 
the deformations corresponding to various loads up to the ultimate 
strength were determined. 

Plain concrete in compression.—In compression tests consider- 
able difficulty was experienced with bending of the specimen as 
shown by lack of uniformity in deformations on two sides of the 
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piece. The ends of the test pieces were coated with thin layers 
of plaster of paris which was allowed to set under light pressure. 
With some of the specimens the load was applied through a bear- 
ing block with an adjustable spherical head; with others it was 
applied through two steel rollers placed at right angles to each 
other and centered over the axis of the piece. The deformations 
were measured on a gauge length of 24 in. with a Johnson exten- 
someter having special yokes. It was found that a test piece four 
diameters in length was subject to considerable flexure. The 
remaining specimens were cut down to 20 in. and tested with a 
gauge length of 12 in.; much better results were obtained. 

Plain concrete in tension.—Fig. 6 shows the details of the 
pulling head used in the ten- 
sion tests. A 2-in. steel disc 
was fastened to bolts which 
had been set in the end of 
the specimen. The pulling 
rod had a spherical end bear- | 
ing in the head; the other 
end had threads and a nut. 
By this means it was hoped 
. to get a direct pull, concen- 
tric with the piece and well 
distributed through the cross 
section of the specimen, and 
the method gave fair results 
but needs some modification. 
The same extensometer de- 
vice was used as for the com- 
pression tests. The gauge 
length was 24 in. 

Bond between steel and 
concrete.—The tests for bond 
between steel and concrete 
were made in the 100,000-1b. Fie. 6—Puiiina Heap. 
Falkenau-Sinclair testing 
machine. The free end of the reinforcing bar teste d was held 
by the grips of the machine and pressure was applied against the 
bearing end of the concrete block through a cast iron plate. 
Between this plate and the concrete block was placed a layer of 
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plaster of paris which was allowed to set under the application of 
a light load by the machine. This method allowed careful cen- 
tering and distributed the load uniformly. Some of the test pieces 
had had the bars struck six quarter-swing blows with a 10-lb. 
sledge. 

Beams.—The beams weighed about 2600 lb. each, and were 
easily moved to and from the machine by means of a portable 
trestle crane provided with two hoists and trolleys running on an 
overhead trackway. They were run along the table of the machine 
on dollies and were lifted into place on the supports by tackles 
suspended from the ceiling joists. The tests were made on the 
200,000-lb. Olsen testing machine. 

Span and Loading —The span length for the reinforced con- 
crete beams, except No. 29, was 14 ft. The concrete beams were 
tested at various spans as shown in Table 8. The general arrange- 
ment of the loading may be seen in the half-tone views. The load 
was applied by the machine at the middle of a 12-in. I-beam. The 
I-beam transmitted it to the beam through two steel rollers 14 in. in 
diameter placed at the one-third points of the span length. The 
supports at the ends of the span rested on the table of the machine. 
The tops of these supports have curves of small radius; the bases 
are cylindrical surfaces of 12 1n. radius, thus permitting a rock- 
ing action with changes in length of lower surface of beam. With 
this arrangement of rollers and supports some resistance to changes 
in length would exist. It was estimated that an end compres- 
sion of about 8 per cent. of the compression stresses in the beam 
would be necessary before longitudinal adjustment would be made. 
In other words the tension was relieved by this amount. Bearing 
plates 2x4x12 in. were placed above the beam at the points of 
application of the load and below it at the supports. A layer of 
plaster of paris was put between the bearing plates and the beam 
and allowed to set under such weight as came upon them from the 
manner of loading, thus taking up any wind in the beam. 

Loads. —The loads were applied with the slowest speed of the 
machine. In general readings were taken at intervals of 1000 Ib. 
in the case of reinforced concrete beams and at intervals of 200 Ib. 
in the case of plain concrete beams. Frequently the load was 
released after some partial load had been reached and then reap- 
plied. Further information concerning this point may be obtained 
by reference to the original notes at the end of this bulletin. 


12 ILLINOIS ENGINEERING EXPERIMENT STATION. 


Detections at center.—Deflections at the center were recorded 
although it was anticipated that such data would be of little value 
except as a check on the more general characteristics of the loads 
deformation diagram. These readings were usually obtained by 
means of a fine thread stretched at a constant tension between 
points at the middle of the depth of the beam over the sup- 
ports, and passing in front of a paper scale attached to the side of 
the beam at the middle of the span. The scale was pasted on the 
face of a mirror, and readings were obtained by lining up the 
thread andits reflections. These readings were accurate to .01 in. 
A second method was to use a deflectometer resting on the table 
of the machine beneath the center of the beam. This gave read- 
ings direct to .001 in. but was in error due to the crushing of the 
plaster of paris beneath the bearing plates and to the deflection of 
the table of the machine. It was understood at the outset that 
these errors would be present, but since that due to the first cause 
would be approximately constant and that due to the second cause 
would vary with the loads for beams of the same span, readings 
were taken by this method to get a check on the first method, In 
the case of plain concrete beams the deflections were so small that 
the first method was not accurate enough. The method used was 
to place a deflectometer on a platform swung beneath the beam 
and supported from points at the middle of the depth of the beam 
over the supports. This platform was arranged to swing freely on 
the cross rods of the frame supporting it. Readings were obtained 
direct to .0O1 in. 


Detormations.—To obtain deformations in the various fibers 
of the beam, the device shown in Fig. 11 was used. Two yokes 
were fastened to the beam just outside the load points and as near 
them as practicable. Each yoke was attached to the beam by two 
pairs of screws. The upper pair of contact points was generally 
placed 1 in. to 14 in. below the top of the beam and the lower pair 
11 in. below the upper. To permit adjustment the screws were 
provided with lock-nuts. The lower pair of screws could be raised 
or lowered in a slot in the frame to be from 6 to 11 in. below the 
the upper pair. The rollers and dials of two dismantled Johnson 
extensometers were attached to the yokes so that the centers of the 
rollers were in direct line with the contact points and the axes 
of the rollers were at right angles to the sides of the beam. The 
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Fic. 8—UsuAL ARRANGEMENT OF APPARATUS. 


Fic, 9.—UsING Two EXTENSOMETERS FOR TESTING CONSERVATION OF 
PLANE SECTION. 


FIG. 10—VIEW. OF BEAM AFTER COMPLETION OF TEs?. 
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rollers were 28 in. apart vertically, the upper one being 6 in. above 
the pair of fixed screws. The rollers were 0.5 in. in circumfer- 
ence. The dials were 4 in. in diameter with 500 graduations so 


Sae Mew LIA ViEW 
Fie. 11—ExtTensoMetTerR DEVICE. 


that each division indicated .001lin. By means of a vernier direct 
readings of .0001 in. were obtained. The second yoke was 
provided with fixed points in positions corresponding to the posi- 
tions of the four rollers. 

It was intended at first to obtain the motion of each roller 
relative to its corresponding fixed point in the second yoke by 
means of a fine thread attached to the fixed point and kept taut 
by a small weight suspended at the end which passed over the 
roller. Beam No. 1 was tested with this arrangement, but a sub- 
sequent calibration showed the device to be so faulty that the 
results were of little value. The method of calibration was to 
impart a known motion to the thread by means of a standard screw 
micrometer and to observe the corresponding indication on the 
dial. The study of the results showed the following facts: (1) At 
the beginning of motion there is an error due to play in the bear- 
ings and to stretching of the thread. (2) Upon the reversal of the 
direction of the motion there is an error due to back-lash and to 
the changed tension in the thread. (8) At all times there is an 
error due to the fact that a point in the axis of the thread travels 
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a greater distance than a point on the circumference of the rollers. 
Threads of various materials and sizes weré experimented with, 
the finest wires that could be obtained were tested, but nothing 
satisfactory was found. 

The device finally adopted consisted of a steel strip 12 in. long 
with a slightly rounding surface resting on the brass roller and 
rigidly fastened to a 5-ft. length of 4 in. wrought iron pipe. Near 
the other end of this pipe a V-shaped notch was cut which rested 
ona screw set in the second yoke. Tests similar in method to 
those previously described showed that if the notch was carefully 
set upon the screw by moving the rod in the direction in which 
subsequent motion was to occur, the true motion of the rod was 
indicated upon the dial. 

Test of conservation of plane section-—In the test of conser- 
vation of plane section two extensometer devices were used as 
shown in Fig. 9. The two sets of yokes alternated, one of each 
set being attached outside a load point and one inside, the gauge 
length being the same. The gauge bars were placed above each 
other. The extensometers were used on only one side of the beam, 
it having been found in previous tests that the twist of the beam 
was negligible. The characteristic of the test lay in the position 
of the contact points in the two sets of yokes. In one set, the 
contact points were spaced 11 inches apart as usual, one point 
being 14 in. below the top of the beam and the other 1} in. above 
the bottom. In the other set, the upper contact point was placed 
in the usual position, 14 in, below the top of the beam, but the 
position of the lower point was varied, in beam No. 22 being 6 in., 
and in beam No. 27 8$ in. below the upper contact point. The 
loads were applied continuously, and simultaneous readings of the 
two extensometers were taken. 

General teatures.—Usually four observers were present dur- 
ing each test—one to regulate the application of the load, two to 
read deflectometers and extensometers, and one to record general 
observations of the behavior of the beam. The extensometer 
apparatus was usually removed shortly before the maximum load 
was reached. The loading was continued until the top surface 


crushed out, but no record was made of loads be ‘yond the maximum 
except in a few cases, 
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IV. Exprrimentan Data. 


Concrete in compression.—As has been stated the results of the 
tests of concrete in compression are of value principally as a study 
of the methods by which such tests should be made. Many difii- 
culties and inconsistencies were found, and of course the different 
methods employed gave results not in accord with each other. It 
seemed to be generally the case that the effect of eccentricity of 
loading and flexure of the piece was to reduce its strength below 
what was found with test cubes. However, the results are illus- 
trative and some of them have been worked over and are given as 
examples. 


00/7 


S 
iS 
as 
Gg 


9S 
8 
~ 
S 


8 
Ss 
9 
S 


Deformation per unit of length 


Ss 
S 8 
ae) % 
~ 


~ 


o 
/000 


Stress in pounds per square jach 


Fre. 12—Srress-DEFORMATION OURVES FOR COMPRESSION. 
Fig. 12 gives stress-deformation curves for the test pieces of 
Table 5. It will be noted that stiffness increases with age, per- 
TABLE 5. 


CONCRETE IN COMPRESSION. 


Test | Age |Total length | Gauge length, | Max. load ARE tieS: 

No. | days in. in. Ib.per sq. in. 

10 a 39. 24 560 Considerable bending. 
4 56 32 24 1025 th ‘E 
8 90 20 12 1800 Very little 

14 95 20 12.6 1400 | Considerable 


haps even more rapidly than strength. This suggests at once an 
important line of investigation, which has an intimate relation to 
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the strength of reinforced concrete beams,—the effect of time 
upon the stiffness of concrete, since the stiffer the beam the greater 
the compressive stress brought Hees the concrete. 
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Fig. 18—Compression Test No. 8. 


Fig. 18 gives the stress-deformation curve for No. 8. The 
curve is a very good parabola, its vertex being at A. The diagonal 
line is tangent to it at the origin and may be called the line for 
initial modulus of elasticity. 
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Fie. 14.—Srress-DEFORMATION CuRVES FOR TENSION. 
ov: wa OQ y, 24 vy WY) 3 1 1 
Concrete um tension. — Table 6 and Fig. 14 give results on 
pieces tested in tension. The breaking stress and the ultimate 
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deformation should be noted. In general the pieces broke before 
reaching a deformation of .00006. It will be seen later that the 


TABLE 6. 


ConCRETE IN TENSION. 


Test | Age Max. load 


No. | days ee cure Ib. per sq.in. Remarks 

7 50 LES 6 178 Bending at start. 

3 60 WS SC 160 Bending throughout. 
13 84 lessee 170 se us 
12 87 Ibe eysi) 278 Little bending. 


concrete beams broke with a deformation on the tension face of 
.0001 and .000085 per unit of length. 

Bond between steel and concrete.—Table 7 shows the results of 
the tests made by Mr. Davis for bond between steel and concrete. 
It will be seen that the Johnson bars split the concrete, while the 
plain rods slipped in the concrete. No slipping could be detected 
before the maximum load was reached. The range of resistance 
per sq. in. of net surface of the embedded bar was great,—from 
298 to 639 lb. for the Johnson bar and from 174 to 360 Ib. for the 
plain rods. As was to be expected, in no case did the tension in 
the plain rods exceed the elastic limit of the metal. In No. 21 
and No. 22 the bars were placed within 14 in. of the face of the 
concrete block. No. 16 and No. 17 which had 24 inches of rod 
embedded show a small resistance per sq. in. of surface. This 
may be due to uneven distribution of the transmission of stress 
from the bar to the concrete throughout the length due to the 
greater stretching of the bar just within the concrete. Mr. Davis 
concludes that a 12-in. length may be more than should be used in 
this test. 

Plain concrete beams.—Table 8 gives the general data for the 
plain concrete beams tested. The modulus of rupture is calculated 
by the usual empirical formula, taking into account the weight of 
the beam and the overhang of the ends. It will be seen that the 
range of values is not great and except for Beams No. 24 and 25 
it seems to be independent of the length. Tables containing the 
data for deformations and deflectionsof Beams No. 11 and No. 18 
are given at the end of the bulletin. Diagrams for the same 
beams are given in Figs. 21 and 22, the method of calculation being 
the same as explained later for the reinforced concrete beams. 
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The deformations for Beam No. 18 are not considered as trust- 
worthy as those for Beam No. 11. The diagrams show that the 
stretch of the concrete at the lower fibre was for the applied load 
.000075 per unit of length; in the application of the last 200 lb. 
in Beam No, 11 the lower fibre rapidly stretched to .0001 before 
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Bonp BrerweeEN STEEL AND CONCRETE. 
as do 3 
g Soe cay acai: oar m= 
Sir . Wo on A 
as $ Ss $ a= ms Remarks 
~Y 
aa |e ae | Be 1 
= ta Oot = 4 co 
s° | Se. 2 
14990 | .20 74950 625 60000 Concrete split. 
14210 | « 71050 593 = a : 
12605 “ 63000 525 as a aS 
IIGBH35) |G 76650 639 as Cylinder broke. 
V7 |. 2365 47050 573 58300 Concrete split, 
11755 Ob 32200 392 * ut By 
13975 GE 38300 466 st x “s 
16360 £6 44800 545 se ay ss 
9515 ee 26050 317 se £8 
8960 ee 24500 298 ag es ss 
10435 OG 28600 348 es & « 
4780 | .16 29900 250 45000 Rod _ slipped. 
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TEI || ee 29320 Slra 33300 30 BU 
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4580 es 28640 239 ss :s oe 
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* Struck 6 quarter-swing blows with a 10-1b. sledge. 
1 Embedded for a length of 24 in. 


the beam broke. 


The method of observing deflections was not 


sufficiently accurate to serve as a basis for the calculation of the 
coefficient of elasticity. 
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Reinforced concrete beams.—On the last pages of this bulletin 
is given much of the original data of the reinforced concrete 
beams. More detailed mention is made in the preface to these 
tables. 

Accuracy of data.—Those who have been intimately connected 
with the tests are satisfied that the extensometer devices and 
measurement are accurate and trustworthy. The effect of a slight 
loss of motion at the beginning of the application of the loau would 


TABLE 8 


Pruatn Concrere Brams. 


Beam ; Maximum Modulus 
0. Length. Age days Span Applied Load | of Rupture 
8 Sy aay, 4h inate 64 4a ite 3600 412 

ila 15 ft. 4 in. 65 14 ft. 2600 Bou, 
18 15 ft. 4 in. 64 14 ft. 2400 322 
26 ants 62 10 ft. 8 in. 5500 390 
30 atts 62 10 ft. 8 in. 4800 355 
23 9 ft. 6 in. 61 8 ft. 6 in. 6355 347 
31 9 ft. 6 in. 62 8 ft. 6 in. 8000 422 
24 6 ft. 61 Ds tte 10240 299 
25 6 ft. 64 Dette 10200 299 


be comparatively nothing for the loads beyond 5000 Ib. It is 
believed that the location of the contact points with respect to the 
general top service of the beam and the position of the steel is 
known to within 4 in., whieh would correspond to an accuracy of 
.01 d in the position of the neutral axis and of 3 per cent. in the 
deformation of the upper fibre or steel. 

Calculation of deformations and of position of neutral axis. 
The calculation of deformations and of position of neutral axis is 
based upon the assumption that a plane section before bending 
remains a plain section after bending. The relative positions of 
the top and the bottom of the beam and of the contact points and 
rollers of the extensometer device may be represented graphically 
on avertical line. Then if the motion of the upper roller be laid 
off horizontally in one direction and of the lower roller horizon- 
tally in the other direction and a line be drawn connecting the 
opposite ends of these two lines, the intersection of this line with 
the vertical line will represent graphically the position of the 
neutral axis, and any horizontal intercept will represent the total 
deformation of the corresponding fibre. The deformation per unit 
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of length is obtained by dividing by the extensometer gauge length 
The values thus obtained are given in the tables at the end of the 
bulletin. 

In the determination of the values of the deformations, all 
extensometer motions, no matter how many times the load may 
have been released, are referred to the position of the rollers at 
the beginning of the test as zero and no attention has been paid 
to the set of the beam. 

Diagrams.—Load-deformation curves, deflection curves, and 
position of the neutral axis are shown in Fig. 21 to41. The curve 
marked ‘‘ Upper Fiber’? represents the deformation per unit of 
length at the compression face of the beam. The curve marked 
‘Steel’? indicates the deformation per unit of length in the plane 
of the reinforcement, and considers that the steel elongates the 
same as the concrete at the same depth. The curve of deflection 
has a separate scale of abscissas. The applied load is here used 
and no account is taken of the weight of the beam, which has 
already stressed the fibers at the time the extensometers are read 
at zero load. The diagram at the top of the figure shows as ordi- 
nates the positions of the neutral axis corresponding to the loads 
given on the scale of abscissas. The upper and lower lines of the 
diagram represent the top and the bottom of the beam, but in the 
case of reinforced concrete beams the position of the neutral axis 
is given in per cent., not of the total depth, but of the distance 
from the compression face to the center of the metal reinforce- 
ment. 

Tables.—Table 9 gives the stresses found in the steel rein- 
forcement and the resisting moment developed by the steel at 
certain loads, as calculated by the methods and assumptions here 
described. The column ‘Load considered’? is the applied load 
somewhat below the maximum load for which elongations and 
shortenings are definitely known and hence is the load used in the 
calculations for the succeeding columns. The stress in steel is 
based upon the observed deformations, using the coefficient of 
elasticity found for the naked steel bars. Represent the distance 
of the neutral axis below the top of the beam found as explained 
hereafter by kd. The position of the center of gravity or controid 
ot the compressive stresses is taken in the calculations to be four- 
elevenths of the distance down to the neutral axis. This position 
is the result of analysis which can not be given here and is close 
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to the usual assumptions which take into account the varying rela- 
tion between stress and deformation in concrete; nor will the dif- 
ference between this position and that resulting from an assump- 
tion of a constant coefficient of elasticity give a serious error. The 
moment of resistance of the beam, neglecting tension in the con- 
crete, is found by multiplying the tension in the steel by the dist- 
ance from the center of the steel tothe centroid of the compres- 
sive stresses in the concrete, d — 4; kd, where d is the vertical 
distance from the top of the beam to the center of the steel rein- 
forcement. This is readily seen to give the resisting moment, 
since it is the moment of a couple formed by the tensile and com- 


—-* gives the ratio of the resisting 


ye 
moment calculated as shown above to the bending moment at any 
point between the loads. The last column gives the same ratio 
with the bending moment augmented by the moment of the esti- 
mated proportion of the weight of the beam which the broken ten- 
sile fibers of the concrete have transferred to the steel. Further 
uses of the table will be apparent in the further references to it. 

Tables 10 and 11 give the position of the neutral axis under 
the conditions described in V. Discussion. 


pressive stresses. The column 


V. Discussion. 


General phenomena of the tests.—A study of the tests and of 
the load-deformation diagrams shows four stages of flexure during 
the progress of the loading. Fig. 15 is a typical load-deformation 
diagram for beams not having a large amount of reinforcement. 
The general phenomena attending these four stages are as follows: 
Through the first stage, as the load is applied, the action of the 
beam and the changes in the deformation of upper and lower fibers 
are similar to those in plain concrete beams, modified of course by 
the metal reinforcement; and the resistance of the tensile stresses 
of the concrete is plainly apparent. When a load of 8000 to 4000 
lb. is reached (probably equivalent to about 250 lb. per sq. in. 
tension in the extreme fiber of the concrete for its share of the 
applied load and 350 lb. per sq. in. when the weight of the beam 
is considered), the second stage begins. The steel elongates more 
rapidly with the application of the load, there is a similar increase 
in the compression of the concrete, the neutral axis rises, and 
there is a marked change in the character of the load-deformation 
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diagram. While no cracks are visible to the naked eye at this 
second stage, apparently much of the tensional value of the con- 
crete has been lost. This stage may be called the readjustment 
stage. During the third stage the increments of the deformation 
of the steel are closely proportional to the increments of the load, 


Agilied 00d 11 0a 


Fie. 15—Typican LoAD-DEFORMATION DIAGRAM. 


as shown by the straight line of the load-deformation diagram, and 
the compressive deformations generally approximate a straight 
line. During this stage fine vertical cracks appear, generally 
quite numerous and well distributed along the middle third of the 
length of the beam, and gradually grow more distinct; but this 
appearance is not accompanied by any change in the character of 
the load-deformation diagram. This stage continues until a point 
at or near the maximum load is reached, except with those beams 
having an excess of reinforcement. The fourth stage, or stage of 
failure, begins at or near the maximum load. The beam deflects 
more and more. For the further motion of the testing machine 
the load drops below the maximum. The steel stretches rapidly> 
the cracks grow in width, the neutral axis rises, and there is a 
more rapid compression of the upper fiber of the concrete due to 
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the decreased compression area, until finally the concrete crushes 
out at the top of the beam at a load less than the maximum and 
after the steel has stretched considerably beyond its yield point. 
The diagrams of Beams No. 14, 16, 17, 19 and 21, shows deforma- 
tions beyond the maximum load. 

The exception mentioned above is in beams having more than 
1 per cent’ of metal of 55000 Ib. per sq. in. elastic limit or more 
than 14 per cent of 33000 lb. per sq. in. elastic limit, in which the 
concrete at the top of the beam failed by crushing‘before the elastic 
limit of the steel was reached. In all the other beams the full com- 
pressive strength of the concrete was not developed at the maxi- 
mum load. It may be noted that the deflection curve does not 
change its character until after the crook of the deformation dia- 
gram is well begun and again until after the yield point of the 
metal is passed, a result to be expected. 

First stage.-—A comparison of the first stage of flexure with 
the phenomena accompanying the flexure of plain concrete beams 
shows a marked similarity. The shape of the load-deformation 
relation is the same, though as is to be expected the tension curve 
shows that it has been stiffened by the steel. The neutral axis is 
below the middle of the beam. At the upper limit of the first 
stage the tensile deformation of the steel throughout the middle 
third of the beam is about 7,595 of its length, indicating, if we 
disregard shrinkage stresses and use the value of the coefficient of 
elasticity of naked steel, that the reinforcement is stressed about 
3000 Ib. per sq. in. It is evident that if the stress in the concrete 
is to be kept within its ordinary tensile strength, the steel will 
exert but a small part of its strength, and that its principal office 
will be to distribute stresses through the concrete and prevent con- 
centration of stress. 

Second or readjustment stage.—The second stage lasts until the 
deformation at the level of the steel averages about .00035. The 
crook or elbow of the load-deformation diagram of the steel and 
the reversal of curvature just after are characteristic of this stage. 
The increased elongation of the steel toward the end of the crook 
seems to indicate that the concrete has broken in tension through 
a part of the depth of the beam, and that a part of the weight of 
the beam which had been taken by the tension in the concrete has 
now been transferred to make added tension in the steel. A line 
parallel to the load-deformation line beyond the elbow and tangent 
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to the elbow lies above this line, and the vertical difference ap- 
pears to be roughly equivalent to the amount of added load which 
_ may be expected from the beam. As this stage includes the con- 
ditions of stress for the usual working load of beams, it would be 
of interest to know the stress in the steel and whether it may not 
be larger than is given by the use of the average deformation. 
Third stage.—The characteristics of the third stage are (1) 
straight load-deformation lines both for tension and compression, 
(2) a nearly constant position of the neutral axis, and (3) result- 
ing from these two relations a proportionality between the incre- 
ment of the load and the increment of the resisting moment of the 
beam if the latter may be based on observed deformations and 
coefficient of elasticity of naked steel. If in Fig. 15 a point 
P be selected for which the deformation of the steel gives a calcu- 
lated resisting moment equivalent to the bending moment of the 
load and a line be drawn running toward the origin but having an 
estimated allowance for the change of load at the crook as shown, 
this line PQ may be considered to represent the deformation in 
the steel corresponding to the tensile stress necessary to make 
up the full value of the resisting moment developed with any ap- 
plied load if no tension exists in the concrete. For a given load 
the difference between this deformation and the deformation 
given by the line marked ‘‘Steel’’ is not accounted for. It 
seems probable that at the vertical cracks the steel is stretched 
enough more than the average deformation to give a stress which 
would help to make up the full amount of the bending moment 
and that between points at which such cracks exist there is still 
tension in the concrete. Possibly other causes like a modification 
of the value of the coefficient of elasticity by the encasing con- 
crete and the release of initial stresses in the steel also affect the 
measured deformations. Whatever the cause, the deficiency grad- 
ually decreases as the load increases and at the maximum load 
the resistg moment calculated from the observed deformation 
of the steel in general will be seen to be roughly equal to the 
bending moment of the load 
- Last stage.—The action during the last stage differs for the 
two classes of beams (a) beams which may be termed normal 
beams in which the amount of reinforcement in not sufficient to 
develop the full compressive strength of the concrete at the maxi- 
mum load and (b) beams which fail by crushing of the concrete 
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before the elastic limit of the steel is reached and hence may be 
said to have an excess of metal. For class (a) the last stage begins 
with a more rapid elongation of the steel, the load increases some- 
what at first, then decreases with the further action of the testing 
machine. After the maximum load is reached the steel stretches 
even more rapidly. During this stage the neutral axis rises and 
this results in greater compressive stress in the concrete as isshown 
by the increased deformation of upper fiber. At the final failure 
of the beam the concrete generally crushed out at the top surface, 
as would be expected from the greatly increased stress thus brought 
upon it, and the final load was less than the maximum load. Fig. 
15 shows the general deformations during the third stage and 
deformations beyond the maximum load are shown in the diagrams 
of Beams No. 14, 16, 17, and 19. 


Beams of class (b) which have an excess of metal act quite 
differently. When a deformation in the upper fiber of say .0014 
is reached, the line for upper fiber in the load-deformation dia_ 
gram changes its character, curving off to the right, and the com- 
pressive deformations increase more rapidly. At the same time 
the neutral axis lowers slowly and the line for steel continues 
straight. The final failure is due to crushing of the concrete at 
the upper surface, and this occurs before the deformation of the 
steel has reached that of the yield point of the steel. The final 
load is the maximum load. Beam No. 28 is an example of this 
method of failure. 

Maximum load at yield point of metal.—Table 9 shows that 
for beams not having an excess of metal the stress in the steel at 
loads somewhat less than the maximum load as obtained by caleu- 
lation from the observed average deformations is in general some- 
what less than the known yield point of the steel, and the resisting 
moment at these loads (calculated by multiplying the stress in the 
steel corresponding to these observed deformations by the distance 
to the center of gravity of the compressive stresses of the concrete) 
is roughly equal to the bending moment of the load. This equiy- 
alence of bending moment and resisting moment based on steel 
stresses only is more apparent in the last column where an attempt 
is made to estimate the added amount of bending moment due to 
the part of the load which at the time of the first extensometer 
reading was taken by tension in the concrete but which later was 
transferred to the steel. From the load-deformation diagrams of 
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beams not having an excess of metal, it may be seen that the aver- 
age of the deformations at the end of the straight line is for the 
mild steel bars .00115 and for the Johnson bars .0020 which agree 
with the deformation of naked steel bars at the yield point. Be- 
yond this yield point the load increases somewhat, though not 
greatly, before it begins to decrease with the continued action of 
the testing machine. This maximum load averaged about 6 per 
cent. more than the load at the yield point of the metal, the dif- 
ference in one case reaching 15 per cent. It would seem then that 
for beams not having an excess of metal (say not more than 14 per 
cent. reinforcement with steel of 83000 lb. per sq. in. elastic limit 
nor more than 1 per cent with steel of 58000 lb. per sq. in. elastic 
limit for the concrete used in these beams) the maximum load is 
nearly reached when the steel is stressed up to its yield point and 
that the load at the yield point of the metal may properly be taken 
as the ultimate strength of the beam. It seems also true that the 
load which will stress the steel to its elastic limit may be calcu- 
lated by using the elastic limit of the naked steel for the tensile 
stress in the beam and neglecting tension in the concrete. An 
apparent exception to the sufficiency of resisting moment based 
on tensile stresses in steel alone isin beams with a small amount 
of reinforcement. Here the moment of tensile stresses in the con- 
crete may possibly account for the deficiency in the calculated 
resisting moment. It should be noted that on account of the some- 
what smaller area of the Kahn bars, just within the load points, 
comparison of the maximum load with those of other beams should 
not be made on the basis of the tabulated reinforcements. The 
effect of this decrease in cross section, however, has only a small 
effect on the average deformations within the elastic limit of the 
metal. 

It should be borne in mind that the deductions in the above 
paragraph do not apply to beams having an excess of metal and 
in which the failure is by crushing before the yield point of the 
metal is reached. However, it seems that within the usual limits 
of reinforcement (say from } per cent. to 14 per cent. with steel 
of 33000 lb. per sq. in. elastic limit and to 1 per cent with steel of 
55000 lb. per sq. in. elastic limit for this concrete) the calculated 
moment of the steel about the center of gravity of the compressive 
stresses is for the maximum load approximately equivalent to the 
bending moment, and no consideration need be made of tension in 


28 ILLINOIS ENGINEERINGEXPERIMENT STATION. 


the concrete. The maximum load may be based on elastic limit 
of the metal, and so far as strength of beam is concerned the factor 
of safety may be based on this maximum load. These limits of 1 


TABLE 10. 


Position oF Neutrau AXIs. 


Distance of Neutral Axis from Top in inches 


Phojlliolan to a oe | 
ee Beam No. 22 Beam No. 27 
Load Ss | 
Vert. dist. between Vert. dist. between 
lb. contacts contacts 
6 in. 11 in. 8.5 in. 11 in 
1000 10.0 The tl 10.35 8.0 
2000 8.5 Wao 9.45 8.6 
3000 7.85 7.9 8.9 S22 
4000 7.65 7.4 8.5 8.0 
5000 7.05 Mee 8.1 7.8 
6000 Chee 6.75 oth 7.45 
7000 7.0 6.75 We en 
8000 7.0 6.6 6.9 6.8 
9000 6.9 6.55 6.7 6.7 
10000 6.9 6.6 6.5 6.7 
11000 6.9 6.6 6.45 6.4 
12000 6.95 6.6 6.3 6.4 
13000 7.0 6.7 6.3 6.3 
14000 7.05 6.75 6.3 6.1 
15000 foil 6.8 6.3 6.15 
16000 Ue 6.9 6.3 6.15 
17000 oe 7.0 6.35 Ge2 
18000 Mee 7.0 6.3 622 
19000 Weld 1 PAS 6.3 6.15 
20000 7.65 ed 6.4 6.2 
21000 7.8 7.6 6.45 6n2 
22000 7.95 Ctl 6.4 6 2 
23000 8.1 49 6.45 6.2 
23600 8.15 EQ EAtic Sar 
24000 Sern oie. 6.5 6.3 
25000 6.5 Gas 
26000 6.6 6.35 


and 13 per cent. are given as tentative limits and not as final 
determinations. 


Conservation of plane section.—Some doubt has been expressed 
concerning the correctness of the time-honored hypothesis that a 
plane section before bending remains a plane section after bend- 
ing, and the results of tests made by loading with bars and brick 
has been cited in proof of the fallacy of this principle. To get a 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 29 


check on its correctness, two extensometer devices were used as 
shown in Fig. 10 and described in Details of Tests. From the 
simultaneous observations two sets of values of the elongation of 
the steel and compression of the concrete were determined and 
the positions of the neutral axis were calculated on the usual 
assumptions. Any considerable variation from the law of conser- 
vation of plane section would be shown by a discrepancy in the 
position of the neutral axis determined from the reading of the 
two sets of extensometers, and this discrepancy would grow as the 
load on the beam increased. Table 10 gives the corresponding 
positions of the neutral axis for Beam No. 22 and Beam No. 27. 
It will be seen that for both beams the position found by one in- 
strument is generally at a nearly uniform distance below that 
found by the other, the average difference beyond the elbow of 
the curve being .27 in. for Beam No. 22 and .12 in. for Beam No. 
27. These results are as close as can be expected, for inaccuracy 
in the position of the contact point or the location of a piece of 
stone above or below the contact point with the resulting uncer- 
tainty in transmission to the interior may have a considerable 
effect. In Fig. 25 and Fig. 82 are shown the deformations as found 
by the two sets of extensometers. It should be noted that the 
measurements were made with an arrangement of loading for 
which the vertical shear is nearly zero between gauge points and 
hence there was little to cause distortion of section. 

Position of neutral axis.—The successive positions of the neu- 
tral axis as determined for the various beams are shown on the 
diagrams. In general, the neutral axis may be said to rise during 


TABLE 11. 
Position oF NeurraL AXIS DURING THIRD STAGE. 

Beam Per cent. Proportion- || Beam Per cent. Proportion- 
No. | reinforcement | ate depth No. | reinforcement | ate depth 
PAL 0.41 34 14 ibe 46 

19 0.41 36 5 0.83 42 

16 0.52 375 28 1.52 53 

17 0.52 oi iS 0.97 45 

27 1.56 .53 20 0.69 44 

9 0.52 34 2 0.69 39 

15 0.83 41 7 0.42 33 

10 0.83 .43 3 0.42 31 

22 1.67 57 29 1.48 2 

4 ay) AT 
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FIMO OF FEONWMOCE/PICY 
Fie. 16.—Neurran AXIS AND THE AMOUNT oF REINFORCEMENT. 


Proportional depth or neutral axis is given in terms of distance from com- 
pression face to center of metal. 
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the second or readjustment stage and then to remain in one posi- 
tion during the third stage until the maximum load is nearly 
reached. For Beams No. 14, 16, 17, 19, and 21 the position of the 
neutral axis beyond the maximum load is shown, this position be- 
ing higher than at the maximum load. For beams having an excess 
of metal, the neutral axis lowers somewhat during the stage of 
rapid deformation of the upper fiber. The neutral axis is appar- 
ently lower than is given by several theories which have been pro- 
posed. The position of the neutral axis during the third stage is 
given for the various beams in Table 11. In Fig. 16 the abscissas 
represent the ratio of steel to concrete and the ordinates the pro- 
portionate depth from compression face to center of reinforcement. 
The line k = 0.26 + 18 p, gives the position somewhat accurately, 
when k is the proportional depth of the neutral surface and p is 
the proportional steel area or ratio of area of steel to area of con- 
crete, the depth from the top of the beam to the center of the 
steel being used in both cases. Theoretical considerations indicate 
that the locus of the neutral axis should be a curved line, but its 
deviation from a straight line within the usual limits of reinforce- 
ment will be slight, as is shown by the theoretical curves in Fig. 
16 which are based upon the analysis given by the writer in an 
article in the Journal of the Western Society of Engineers for 
August, 1904. 


It should be added that the somewhat smaller area of the 
Kahn bars just within the load points will but shghtly affect the 
deductions here made. 


Compressive stresses.—It is not easy to determine the com- 
pressive stresses developed in the beams. As has been stated two 
conditions existed (a) beams with an amount of metal so small 
that the maximum compressive stresses were below the full 
strength of the concrete and (b) beams having an amount of metal 
large enough to develop the full compressive strength of the con- 
crete. In the former the strength of the metal determines the 
strength of the beam, in the latter the concrete is the controlling 
factor. As nearly as may be told, the deformation .0014 per unit 
of length marks a limit for compression for this concrete. Below 
this limit there is little change in the load-deformation diagram 
as long as the metal is within the elastic limit; but above this limit 
and with the metal stressed within the elastic limit, the load-de- 
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formation line changes character. In one case the deformation of 
the conerete reached .0032 per unit of length before final buckling 
but it seems to be true that beyond .0014 the concrete so stressed 
is far less efficient than before. Studies made on the compressive 
stresses developed lead to the conclusion that at this deformation 
the concrete has nearly reached its ultimate strength and that 
further application of load stress, the lower fibers moye but the 
upper fibers ofive little added resistance. 


Shear and Bond.—No beams failed by the method ordinarily 
termed a shearing failure. The cracks which formed were vertical 
or nearly vertical. Whether the beams with large reinforcement 
would have developed shearing cracks if the reinforcement had 
been continued horizontally to the end of the beam can not be told. 

There was no indication of slipping of the rods in the concrete 
within the maximum load even with plain rods. The results of 
the tests on bond of plain bars made by Mr. Davis indicate that 
for beams of the dimentions and method of loading here used 
there is still considerable margin against slipping when the steel 
reaches its elastic limit. 


Effect of shape of bar.—In general there was no marked dif- 
ference in results found for the different forms of reinforcing bars 
used. The plain bars gave results quite as good as deformed bars 
having the same elastic limit. It should not be inferred that there 
are not conditions under which deformed bars have special value. 
Attention should again be called to the fact that the Kahn bars 
did not have the full section of metal under the load points, and 
hence that a comparison of maximum loads with other beams hav- 
ing the same amount of reinforcement may not properly be made. 
This however does not apply in any considerable degree to the 
effect upon position of the neutral axis and equivalence of bending 
moment and resisting moment. 


Release and repetition of load.—Fig. 42 shows the general 
characteristics of results when loads were released and reapplied. 
It seems to indicate that the steel and concrete are under stress 
after the load is released. This subject is worthy of investigation. 

Summary.—\t is not well to draw general conclusions except 
after full investigation and it is felt that important results may 
be expected from further experimentation. However certain 
results stand out in such a way that it seems only proper to point out 


. 
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conclusions, even if they are only tentative and subject to confir- 
mation by further tests. It may be said that the behavior of the 
beams and the uniformity of their action gives the writer more than 
usual confidence in the results of individual tests. Extensometer 
tests were not obtained on three of the beams tested, but the deflec- 
tions and maximum loads of these three beams checked those of 
their mates very closely. Itshould be understood that these conclu- 
sions apply to simple flexure under the conditions given in these 
tests. Deductions from the investigation may be stated as follows: 

1. The composite structure acts as a true combination of stee] 
and concrete in flexure during the first or preliminary stage, and 
this stage lasts until the steel is stressed to say 8000 Ib. per sq. in., 
and the lower surface of the concrete is elongated nearly 754,55 of 
its length. : 

2. During the second or readjustment stage there is a marked 
change in distribution of stresses, the neutral axis rises, the con- 
crete loses part of its tensional value, and tensile stresses formerly 
taken by the concrete are transferred to the steel. During this 
stage minute cracks probably exist, quite well distributed and not 
easily detected. 

3. In the third or straight-line stage the neutral axis remains 
nearly stationary in position and the concrete gradually loses more 
of its tensional value. Visible cracks appear and gradually grow 
more distinct, though no change in the character of the load-de- 
formation diagram results. It would seem probable that at these 
cracks the stress in the steel is more than is indicated by the aver- 
age deformation for the full gauge length. 

4. In beams with the metal reinforcement small enough in 
amount not to develop the full compression strength of the concrete 
the maximum load is reached or nearly reached when the metal is 
stretched to its yield point, and in calculating the resisting moment 
the tensional value of the concrete is here negligible, and the load 
at the yield point of the metal may well be considered the full 
strength of the beam. The resisting moment at this point may 
well be calculated by multiplying the stress in the total steel area 
by the distance to the center of gravity of compressive stresses. 

5. So far as strength of the beam is concerned, the load when 
the steel is stressed to its elastic limit seems the proper basis for 
the factor of safety and working load. 

6. So far as strength of beam is concerned, steel having a high 
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elastic limit is advantageous, it being assumed that there is suffi- 
cient provision against the slipping of rods and shearing failures. 

7. The determination of the limit of reinforcement which may 
properly be used with different mixtures and grades of concrete 
may best be decided by experiments on beams made to determine 
this. For the 1:3:6 coyerete used, reinforcement as high as 

3 per cent for steel of 3000 Ib. per sq. in. elastic limit and 1 per 
cent for steel of 55000 lb. per sq. in. elastic limit may be used 
without developing the full compression strength of the concrete. 

8. With beams having sufficient metal to develop the full com- 
pression strength of the concrete, the calculated resisting moment 
of the stresses developed in the steel and concrete is in excess of 
the applied bending moment, which indicates perhaps that the 
center of gravity of the compression stresses is much lower than 
when the compressive stress is well below this limit. The limiting 
deformation for compression may form a good basis for limiting 
the amount of reinforcement. 

9. There was no marked difference in results found for the 
different forms of reinforcing bars used. 

10. Experimental methods form a desirable basis for deter- 
mining position of neutral axis, limit of reinforcement, working 
strengths and other properties of reinforced concrete beams, and 
the determinations should be made for the varieties of mixtures, 
consistencies, ages, and materials of the concretes used. 

A satisfactory feature of this investigation has been the 
thorough and competent way in which the students conducted their 
work. They are entitled to credit for their care, skill, and un- 
tiring interest. Acknowledgment is also given R. V. Engstrom 
for valuable assistance in the preparation of this bulletin. The 
University of Illinois is planning to continue the investigation. 
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Positions of neutral axis for different loads, d is the dis- 
tance from top of beam to center of steel. 
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Positions of neutral axis for different loads. d is the dis- 
tance from top of beam to center of steel. 
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Positions of neutral axis for différent loads. d is the dis- 
tance from top of beam to center of steel. 


PER CENT OF d 


100 


2000. 


400 


6000: 


800 
1000 
12000 

100 
16000 
18000 

0000 

22000: 
3600. 


APPLIED LOAD IN POUNDS 


ie =r | | 


eae || 


Fic. 32 


BEAM NO. 22 


3 %-IN. KAHN BARS 


1.67 PER CENT REINFORCEMENT 


a coal is MAXIMUM LOAD 24400 LB. 


oa) a 


a 


Ege 
4 
at 


0002 


0004 


.0006; 


n 


.3 


0012-01 
0014 0,2 


0008 
0010 
0016 


DEFORMATION PER UNIT OF LENGT 


0024+ 0.7 = 


.8 


.0026| 


.0028}-9. 


1.0 


0030 


— 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 41 


0 - 
.) Positions of neutral axis for different loads. d is the dis- rosie es [at Tae TA] 
& 20 a a tance from top of beam to center of steel. 
BRR aeSe 
= Sx) 3 
Y 5 
O 60 
tS 80 | 
a =) =] =] 
100 s g 3 3 = J 
APPLIED LOAD IN POUNDS 
15000) 
14000 


FIG. 33 
BEAM NO. 5 
3 %-IN. KAHN BARS 


0.83 PER CENT REINFORCEMENT 


MAXIMUM LOAD '15000 LB. 


DEFLECTION IN INCHES 
2 © 5 2 


Ss 5. oS i) 


o Nx o o i=J Nn st o o o N A wo o 
= 3s s s 5 5 5 5 S Sie wie $s s $ 3 
i] =) Ss i) S Ss Se oy 3 i) 3 Ss S So 


DEFORMATION PER UNIT OF LENGTH 


orf = : 
2 ee Ei Positions of neutral axis for different loads. d is the dis- 
40 tance from top of beam to center of steel. 

S 5 


AD IN POUNDS 


| fh 
ser ot pv sso ent 


BEAM NO. 29 


6 K-IN, JOHNSON BARS 


14S PER CENT REINFORCEMENT 


MAXIMUM LOAD 12200 LB. 


012 
0014 
1016) 
1018) 
1020 


i ee ee 
i=J J i—J J 
3 S —) Ss —) 


oS So 


3 ; 2 : —) 
DEFORMATION PER UNIT OF LENGTH 


42 


APPLIED LOAD IN POUNDS 


ILLINOIS ENGINEERING EXPERIMENT STATION. 


0 
mo} 
ert) } r 
fe) 
t 40 © 
a Positions of neutral axis for different loads. d is the dis- 
S) 60 tance from top of beam to center of steel. 
a fl _ | 
cy i o o o o ai ie heal So So 3 Ss Ss =H iS 
i= o So 
Mik See Beso SSS Boe ee eg een ee 
APPLIED LOAD IN POUNDS 
13000 
12000 r === 
11000 1 E 
n 
2 10000 7 J 
i A 
> 2000 N cof? = 
X FiG. 35 
ee 8000 v i 
z 0 BEAM NO. 3 
ca 7000 
< 3. %-IN. JOHNSON BARS 
fo) 
= Cay o 0.42 PER CENT REINFORCEMENT 
a 5000 MAXIMUM LOAD 14000 LB. 
= IL all 
& 4000 + | | 
<x 
3000 | | 
2000 | IL 
1000 | _| DEFLECTION IN INCHES | 
= x 2 s 2 2 Ds: 2 Ce 2 x 
0 So o i So So So —) > i) = - 
o N st o oo o nN a o 2 o N s+ o o ao 
| a a es et ee Pes oe es er et a eee 
DEFORMATION PER UNIT OF LENGTH 
mo) 
ce 
fe) 
bt 
= Positions of neutral axis for differont loads. d is the dis- 
oO tance from top of beam to center of steel. 
ec 
w 
a 


BEAM NO. 7 
3 4-IN. JOHNSON Bars 


0.42 PER CENT REINFORCEMENT 


MAXIMUM LOAD 14000 LB. 


| 


DEFORMATION PER UNIT OF LENGTH 


Ss 
CY 
= 
So 


s 
= 
S 
r) 


i) 

Ss 
eo 
Ss 
S 


3s 


PER CENT OF d 


100 


16000 


TALBOI—TESTS 


OF REINFORCED CONCRETE BKAMS, 


Positions of neutral axis for diffrent loads. d is the dis- 
tance from top of beam to center of steel. 
| 
—J i—J ° —J 
Ss Ss Ss Ss Ss s eS =} ° ° ro) ° ° ° ° 
hoe tee ese Se ce Goer tell ise er ORS \e4 e's) S%ee es, 
: 1 N N Nn Nn 
APPLIED LOAD IN POUNDS 
ikea Zea 
ee 
FIG 37 
BEAM No. 20 
— — 4 - 
5 36-IN. JOHNSON BARS 
0,69 PER CENT REINFORCEMENT [% r 
| el | Maximum LOAD 20900 Le, 
| 
1 — 
. | [eet 
I ee 
BEBE ian 
te ee 
—- a 
Hee iain et | 
Ls x — 
2 1 =— 
\ lies tt 
BI 
if 
| Ke atk i 
i——T Sp 
t Jl 4 
| — at 
|__| DEFLECTION IN INCHES = 
NX Ba = 2 2 5 2 D o 
Ss Ss So Ss So So so ° Ss = 
o ~ + © < 2 a = ec <3 Ss g & & & S 
OS EOE ns ome ee ee ee ee rr a ce a 
/ DEFORMATION PER UNIT OF LENGTH 


ILLINOIS ENGINEERING EXPERIMENT STATION. 


Positions of noutral axis for different loads, d is the dis- 
tance from top of beam to center of steel. © 
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Positions of nevtral axis for different loads. d 1s the dis- 
tance from top of beam to center of steel. 
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Y-IN. RANSOME BARS 


3 
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TABLES 


On the following pages are given the original readings and a 
part of the derived values for beams on which extensometer read- 
ings were taken. The first column sives the applied load in 
pounds and does not include the weight of the beam or of the I- 
beam used to transfer the load to the one-third points. The col- 
umn headed ‘‘Deflection”’ does not contain the original readings 
from the scale or the deflectometer but instead the deflections 
from the position of zero load. In the four columns headed ‘‘Ex- 
tensometer Reading’’ are given the original readings for the 
four extensometers. These readings were taken directly in deci- 
mals of an inch. It should be kept in mind that 0 and 0.5 are at 
the same point on the dial and hence that such readings as .4968 
and .0082 are consecutive although at first glance they might not 
appear to be so. The sub-headings, I, Il, II and IV, indicate 
the four extensometers. Unless otherwise stated in the notes, I 
and II are always the upper extensometers, and III and IV the 
lower, I and IV being on one side and II and III on the other. 
In the two columns headed ‘‘Deformation’’ are given the defor- 
mations per unit of length for the fiber indicated in the sub-head- 
ing, computed with reference to zero deformation at the first zero 
of applied load under the assumptions and by the methods ex- 
plained on page 19. In the remaining column is given such 
further information regarding apparatus as seems necessary for 
the discussion of the results and such observations concerning 
appearance of first visible crack, subsequent development of 
cracks, and manner of failure as s3em pertinent to the purpose 
of this bulletin. e 
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ILLINOIS ENGINEERING EXPERIMENT STATION. 


BEAM NO. 2.—5 3-1N. JoHNSON Bars 


a 


lb. 


Extensometer Reading 


Deformation 


i Wl 3) JOGE | NY 


’ Upper 
Steel Fiber 


Remarks 


o |Applied Load 


5000 
i) 


0 
1000 
2000 
3000 
4000 
5000 


6000 
7000 
8000 
9000 
10000 


11000 
12000 
13000 
14000 
15000 


16000 
17000 
18000 
19000 
20000 


SS | Deflection 
we 


3}. 1092) 3211) .3350).1472 


.019}.1121).3180, .3380}.1441 
.031}.1160] .3139) 3422). 1400 
056). 1208) .8089} .8480) 1345 
081). 1265) 8026) . 3555} 1823 
.019}.1130) 8180) .3410).1513 


O19} 0021) .0807} .0228) .0884 
)) 038} .0040) 0780} .0260) .0852 
050) .0072) .0750} .0292] .0821 
063} .0105] .0718! .03825} .0786 
075] .0136] 0686] 0359] .0753 
.094| .0174| .0647| .0403].0708 
019} 0025] .0791| .0254} .0855 


019} .1623) 1000) 0349]. 1579 
037] .1650) .0977] .0374|.1558 
)) 044 . 1680) .0945) .0416] 1527 
.059}.1711] .0912} .0489} 1498 
075] 1742] .0880} .0472).1459 
088} .1776) .0845] .0510).1422 
025]. 1633] .0991] .0360]. 1569 


025] . 1442) .0226} .0428) 2407 
040}. 1468) .0203] 0458) 2383 
053) .1497].0172} 0490] .2351 
065]. 1528] .0140) 0524] .2315 
078}. 1560] .0109] 0558}. 2281 
090}. 1593) .0075) 0596) 2244 


. 119}. 1650) .0018} .0675).2166 
.171}.1760) 4910} 0848} . 2004 
. 228] 1850) .4818).0994; 1852 
. 275) 1948] .4722) 1137] 1801 
328} 2030) 4636] .1269] 1569 


. 384] 2120) .4542) 1401). 1434 
.428) 2207) 4454] 1525} .1310 
. 484) 2300) .4861] 1654] 1182 
.940) .2399) .4263].1792] 1042 
981]. 2489) .4172).1912! 0923 


640) .2595) 4063]. 2051] .0782 
. 703} .2705] 3950) 2191) .0640 
. 765} .2818] .3833) .2336] .0490 
. 840) 2960} .3686] . 2509] .0313 
. 984] 3281] .3353) 8005] .4815 


. 1072] 8227) .3325) 1490). 


00000} .00000 
2 il 

4 4 

7 8 

iby 12 

19) 18 

8 4 


00008} .00004 


10 6 
13 9 
15 12 
18 15 
21 18 
ig) 5 


00009) .00005 


alt 7 
14 g) 
iy We 
19 15} 
20 18 


00029) .00023 


46 31 

60 37 

75 45 

86 51 
00098} .00058 
110 65 
1122 72 


135 80 
146 87 


00158} 00096 
171 105 


184 116 
197 130 
245 1538 


Upper contacts 1 in. below top. 
Lower contacts 12 in. below top. 
Gauge length 60% in. 


Lower contacts 7 in. below top. 
It was noticed that cross-bolt of 


extensometer yoke was touching 
tcp of beam. 


i 


Lower contacts 7 in. below top. 


Lower contacts 12 in. below top. 


First visible crack 2 in. inside N. 
load at 9500. 


Several cracks visible within mid- 


dle third 11000-12000. 


Manner of failure: Vertical cracks 


through full width of beam every 
4 to 8 in. of middle third. Load 
reached 20600 lb. and then 
dropped slowly. Lower fibers 
elongated rapidly, accompanied 
by the rapid widening of several 
cracks. After considerable 
further deflection concrete final- 
ly crushed out at top surface. 
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BEAM NO. 3.—3 3-1n. Jonunson Bars. 


as] 
S 
s 5 Extensometer Reading Deformation 
3 = 3 Remarks 
ee ee elie | Tit Vv steer |Upre" 
a Q Fiber 
0 | .000) .0792) .0968} 2590) .4885 '.00000 | .00000| Upper contacts 1 in. below top. 
1000} .013}.0829) .0945} . 2606) .4365 1 2)Lower contacts 12 in. below top. 
2000) .021] .0871) .0922| . 2624) .4347 2 4\Gauge length 60? in. 
3000) .031] .0930} .0893) . 2652) .4814 5 7 
4000} .053).1000} .0869) .2687) .4275 8 9 
4000} .053} . 1039) .0832] .2672) .4293 | .00008 | .00009 
5000) .046} 1024) 0849) . 2654) .4308 i a 
2000) .031}.1005) .0868) . 2631) .4320 6 6 
1000} .021} .0983} .0891] . 2605) .4342 3) 4 
0 015} .0960) .0915] . 2587] .4365 3 2 
0 .015]| .0938} .0907] 2636) .4319 |.00003 00002) 
1000} .021} .0960) .0884) . 2653] .4800 4 3 
2000] .031).0979) .0863) .2672) .4280 5 5 
3000] .046}. 1001) .0840) . 2692) .4258 G 7 
4000} .053} .1024) .0814|.2714) .4232 8 10 
5000) .071|.1069) .0764) . 2773) .4170 14 14 


6000} .146}.1202} .0609} .3010) .38905 |.00038 |.00023) First cracks 4 in. inside each 
7000} .240}. 1362) .0430} .3322) 3573 70 34) load at 6000. 

8000! .315].1480) .0300) .3541) .3347 92 40 
9000) .391}.1590) .0176} .38760) .3125 112 49 
10000) .469) .1700! .0054] .38962) .2917 133 57 


11000] .553}.1806) .4940).4157}.2711 |.00152 |.00066|Manner of failure, similar to 
12000) .646). 1943) .4808) .4374] .2468 174 72} Beam No. 2. Max. load = 
13000}1.181 14000 lb. 


i 


BEAM NO. 4.—6 3-1n. Kann Bars. 


0 | .000 .1433 .1944 .4712/.1996 | 00 me .00000| Upper contacts 1 in. below top. 


1000 .015!.1458 .1919 .4733}.1969 | 2|Lower contacts 7in. below top 
2000, .034 eo .1886 .4766}. 1935 ; 5|Guage length 617 in. 

3000, .046).1523'.1850 .4802).1900 7 | 8 

4000! .056}.1569 .1803 .4849!.1851 11 3 


4000' 056]. 1543!.1762 .4898| 2201 ii 13 


0 015) .1444}.1860 .4781} 2300 02 04 

0 .015}.2836!.1190 .0464] .36038 |.00002 | .00004| Lower contacts 11 in. below top. 
1000: .024 2855] 1169 0489]. 3575 5 5 
2000 .0384'.2881).1147).0513}.3549 6 8 


3000 -043,.2909) 1118 .0538 .3520 9 10. 

4000 .055).2940;.1088).0568 .3490 11 13, 

5000 .068}.2974|.1055) 0606 .3452 14 16 
| 

6000 .086'.3021). 1008 wea 3398 |.00019 |. 


7000, .130,.8078!.0952) .0727| 3329 25 25 
8000, .141|.38145]. 0896} .0796} . 3258 30 30)Crack just outside N. load, 8000 
9000, 180.3198] .0835) .0873].3180 37 34 

0771} .0952}.3100 44 39 


10000, .212}.3263! 


i, OF |. 
i: ia@RARY 


4647 . ute .1159 
Ae i 


52 ILLINOIS ENGINEERING EXPERIMENT STATION. 
BEAM NO. 4.—5 3-1n. Kann Bars. ( Continued.) 
Ns = 

g = | Extensometer Reading | Deformation 

ee os —_—_—_—____——_ 

oo ® Remarks 

eS 3 iI | | I | IV | Steel Upper 

a a) | Fiber 
ree se Sa 
11000) .243'.3327 .0711 1027! 3026 |.00050 .00045 Crack just outside S. load, 11000 
12000, .266 .3376 .0660}|.1090 .2965 57 49 

13000) .305 .3438 .0600).1168 .2891 62 54 

14000! .324 .3502 .0539].1243 .2820 69 60 Extensometer III reset, 14000. 
14000, 1285, | 

15000, .368 .3566 .0477].1347:.2749 ie} 65 

| | | 

16000! .386] .3630 .0417}.1419 .2638 '.00082 .00070 Crack in middle, 16000. 

17000! .430) .3693 .0356].1492 .2607 87 771 

18000} .4614) .38755).0294] 1565). 2549 92 82 Manner of failure similar to 
19000) .493, .3831).0221|.1652) 2457 98 88, Beam No. 2. Max. load = 
20000 524! .3905] .0150}. 1734). 2880 106 95, 23000 Ib. 

21000; .549 .3972].0085!. 1618] .2283 118 100 

BEAM NO. 5.—3 3-1n. KAHN Bars. 

0 ; .000].0295,.1553 .0136).3722 |.00000 .00000|Upper contacts 1 in. below top. 
1000 .013).0317:.1532 .0159} .3693 y 2|/Lower contacts 73 in. below top. 
2000, .031).0354 1497 .0197) .3650 5 5|Gauge length 61} in. 

3000 .056| .0395!.1451'.0250] .3595 10 8 

3000 .056].03738 .1447 .0270].3638 10 8 

0 | .020/.0305'.1522 .0182].3710 4' 2 
| | 

0 | .020].3349 .4277 .2980].1721 |.00004 .00002|Lower contacts 12 in. from top. 
1000 .033).38378 .4253 .3005}. 1641 6 4 
2000, 051 38400 4224 . 3035}. 1660 8 7 
3000, .058}.3433° .4191 .3070).1635 | 11! 10 
4000 .076).3478 .4148 .3127].1607 | 16 14 
5000. .108 POSe .4074 £3216) .1549 | 21| 19 

| 
6000 .151].3680 .3984 .3331).1421 |.00034 .00026 
7000] .195!.8705 .3904!.3434).1408 48 32 
8000) .245|.38786 .3814) 3555]. 1284 54 38 
9000} .283'. 3861 .3733!.3663! 1200 64 44 Wirst visible crack 6 in. outside 
10000) .326'.3933 .3659!.3770) .1095 | 13 50 N. load at 12000. 
| 
| ! ! 
11000} .870).4000 8083! 3872 . 1060 | .00083 .00057 
12000) .414) 4084) 3494! 3985]. 1045 | 93 64 Met’ od of failure similar to 
13000) .458'.4150).3419 .4082!.0952! 101 70 Beam No. 2. Max. load = 
14000} 1.095! | | 15000 Ib. 
15000/3.52 | 
BEAM NO. 7.—3 3-1n. JoHnson Bars. 
0 7] .000 .4648 .1100 .1160,.1704 |.00000 00000 Upper contacts 11 in: below top 
Le eOn8 LUO). LEO FLT -00000 Upper contacts 1} in. below top. 

1000) :01S 4652 1077).11 71} .1675 2 1 Lower contacts 64 in. below tap. 
2000) .025 .4675 .1054).1193].1648 3 3 Gauge length 603 in. 

3000) .038!.4705 .1021].1221].1616 6 Bae e fi 
3000) .038).4705 .1021|.1214].1647 6 6 

0 | 08 1695 9 1| 


| 


iis 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 58 


BEAM NO. 7.—3 }-1n. Jounson Bars. (Continued. ) 


ke} : 
S 
S & ixxtensometer Reading | Deformation 
re 
oS & U Remarks 
3 va) 7 : pper ‘ i 
zs Se TU IVe Steel) 
aed - - = 

0 -006) .0994] . 2099) .3788).1418 | .00002/.00001|Lower contacts 8} in. below top. 
1000} .019}. 1015). 2088) .8804) 1395 + 3 
2000) .025}. 1036) . 2058) .38822).1375 5 5 
3000] .031}. 1059}. 2034]. 3842) .1353 6 8 
3000} .031]. 1082} .2035].38868] 1379 6 8 

0 006] . 1029]. 2093} 8814) . 1430 2 2 

0 006} . 1545). 3359) .4052] 3585 |.00002] .00002/Lower contacts 10} in. below top. 
1000} .019) .1565).3351}.4069) 3561 4 3 
2000} .025}. 1582} .3332] .4088} 3542 6 5 
3000) .031}.1607) 3209).4114|.3518 8 as 
3000} .031).1601).3288] .4087] .3555 8 a” 

0 006] . 1552) .38248] .4025] 3612 2 3 

0 006] .4719} .3099) .4639]. 1575 |.00002} .00003| Lower contacts 124 in. below top. 
1000) .019).4742). 3074) .4660}. 1553 4 6 
2000) .025] .4760) 3055] .4677] 153 6 8 
3000} .031}.4785).3030].4701|.1510 7 10 
4000) .044).4811].3002] .4728].1480 9 13 
5000) .069].4870) . 2938) .4805] 1397 ie 18 
6000} .119}.5070) .2831}.4978] . 1220 | 00033} .00027 
7000} . 206] .5134|. 2655) .0297] .0921 63 38 ; 

8000! .306}.5800] 2484] .0614] .0614 93 50|First visible crack, 8000 Ib. 
9000] .419] 5422) .2361].0850] .0385 114 56 
10000} .456).5557) .2223). 1090] .0145 137 68 
11000] .506} .5653) 2123] .1280).4970 | .00155|.00075|Method of failure similar to 
12000} .581).5773).2002}.1507)| .4755 177 83|Beam No. 2. Max. load = 
13000] .668}.5891}.1884].1723).4546 200 90}14000 Ib. 

BEAM NO. 9.—3 3-1n. Ransome Bars. 

0 000] . 1472]. 0660]. 1715]. 1480 |.00000] .00000; Upper contacts 14 in., below top. 
1000) .013}.1490} .0639] 1732). 1461 il 2|Lower contacts 124 in. below top. 
2000} .019}.1514].0614}.1757|. 1439 3 4|Gauge length 61 in. 

3000} .031).1541).0587|. 1783). 1409 5 7 
3000} .031).1554}.0570}. 1811). 1408 5 a 

0 006] . 1498] .0639]. 1755}. 1458 2 1 

0 006}. 1492} .0619] 1731). 1447 | .00002) .00001 
1000} .019).1511].0601).1749}. 1411 3 2 
2000} .025] .1532) .0580} . 1768). 1389 + 4 
3000} .037]. 1555} .0558} . 1788] . 1370 6 7 
4000} .050}.1585] .0525] . 1822). 1336 8 10 
4000) .075). 1632) .0480). 1876]. 1282 13 14 


54 ILLINOIS ENGINEERING EXPERIMENT STATION. 
BEAM NO. 9.—3 4-1n. Ransome Bars. (Continued.) 
=" 

— . 

8 & | Extensometer Reading | Deformation 

oo zs Remarks 

27 S Upper 

onal wo 4 i 

= Q I HE | TUE |) 10 Steel Puber 

<q 

6000] .112]. 1720).0389}.2016].1140 | .00025] .00020 

7000} .175}.1853} .0253) .2260! .0903 48 31 

8000} .250}.1976].0127]| .2487] .0679 70 38 

9000] .3800}.2076] .0023}. 2668} 0501 Si 46 | 
10000} .362).2161}.4935}.2819] .0350 100 52 

11000] .412} 2258] 4833] .2985].0185 |.00115|.00059|Several visible cracks, 11000 Ib. 
12000) .475).2353).4737| .38146] .0025 130 66 

13000] .524) 2447] 4639] .3274| .4871 143 743) 

14000] .587}.2546) .4532) .3448].4701 159 82 

15000) .649]. 2646] .4429] .3612).4538 Wei 89 

16000] .712).2754|.4316] .8787|.43867 | .00190) .00098 

17000} .776].2871|.4193] .38974|.4183 205 107 ; a 

18000} .862}.3005} .4059) .4193].3976 223 118)Method of failure similar to 
19000] .937|.3170].3885] .4469].3714 250 131|Beam No. 2. Max. load=22800 
20000/1 .046} .3375] .3683] .4818].3389 280 144|Ib. 

BEAM NO. 10.—38 ?-1n. THacHErR Bars. 

0 000} .2604| . 4109] .0334|.3019 |.00000].00000| Upper contacts 14 in. below top. 
1000} .006) . 2624} .4090) .0358} .2995 2 2! Lower contacts 12} in. below top. 
2000) .013} .2650}.4060) .0383} .2968 4 4\Gauge length 60§ in. 

3000) .025}. 2681] .4030] .0413) .2935 i a 
3000] .025).2681].4029) .0427] .2953 7 7 

0 .000} . 2625] .4082} .0372) .3005 2, Dy, 

0 .000} . 2619] .4084) .0370) .2982 | .00002} .00002 
1000} .013).2637|.4066] .0388} .2965 4 4 
2000} .019}.2659] 4042} 04.09) .2942 5 6 
3000] .031).2683] 4018] 0442] .2919 7 8 
4000) .044).2711].3988] 0465) .2886 9 ul 
5000] .057)|.2764| 3932] .0528) .2821 15 16 
6000} .094) .2829] .3867| .0611| .2747 |.00021] .00022 
7000} .132]}.2910) .3787| .0722] .2624 30 28 
8000} .169; 2993] .3714!.0825] .2518 4] 35 
9000 219) .3067| .3631) .0946] .2398 52 41 

10000} .257|.3138!.3560] . 1048] .2297 61 46 

11000 807 - 3214) .3483) .1155|.2190 | .00070) .00053|First visible cracks, 11000 Ib. 
12000 344 8289 . 8407] . 1262] .2085 78 60|Manner of failure similar to 
13000} .382].3350] .3343] .1345] . 2002 87 66|Beam No. 2. Max. load=16600 
14000] .432).3430) .3265]. 1451}. 1895 95 72\Ib. 

15000) .482).3533].3173].1601] .1754 108 80 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 5d 


BEAM NO. 138.—7 34-ry. Jonnson Bars. 


oS 
8 | oe Extensometer Reading | Deformation 
= = = Remarks 
3 pper 
ees |) t | | Tr | IV Steel Fiber 
a = 
0 .000). 2497}. 1107] .2275) 3525! .00000] .00000 Upper contacts 1} in. below top. 
1000} .007|.2512).1086) .2291] .3507; 1 2|Lower contacts 74in. below top. 
2000} .013).2537).1060} . 2312] .3480 3 4| Gauge length 608 in. 
3000] .025). 2564] .1030) .2340) .38454 5 7 
3800} .038].2596) .0997| . 2372] .3418 8 10 
3800! .038].2600}.1001] .2403] .3415 8 10 
0 007] .2522].1081] . 2339] .3484 3 2 
0 007) . 2498] .0859) .38537] .4110) 00003] .00002| Lower contacts 10} in. below top. 
1000) .019}.2513}.0837] .3541) .4095 4 4 
2000) .026) .2533).0815} .3555| .4075 6 6] = 
3000) .032) .2556|.0790] .3569] .4054 a 8 
3000] .032]. 2559] .0809) .3646] .4053 7 8 
0 007}. 2499} .0873} .8639] .4109 3 2 
0 007] .3064| 2844]. 1497] .2151) .00003] .00002| Lower contacts 12} in. below top. 
1000) .020).3080).2825} 1512) .2132 4 4 
2000} .082).3102}.2803).1532).2111 6 6 
3000} .039].3124]. 2780) . 1553) .2092 A 8 
4000} .044].3150}. 2752] .1578) .2065 9 11 
5000} .062].3181)} .2722) .1610).2035 11 14 
6000} .075).3219}.2681) . 1655}. 1993} .00015} .00018 
7000} .094].3270}.2624|.1718] .1932 20 22 
8000} .119].38328] . 2562} .1800}.1853 27 27 
9000) .157).38407|.2471|.1927|.173¢ 36 36 
10000} .194].3476].2393].2041).1631 48 40 
11000} . 244] 3556]. 2308] .2153]. 1518} .00056] .00047 
12000) . 269} .3613) . 2250) .2232).1440 64 52 
13000] .307|.3678}. 2180}. 2319]. 1352 il 58 
14000) .332).3737].2115}.2397].1275 78 63 
15000} .370].3789]. 2058] . 2464] .1208 84 68 
16000} .407}.3869].1970].2572}. 1095) .00093] .00075 
17000, .457|.3945].1888].2671|.0994) 102 82 
18000] .494/.4010].1812).2753].0909} = 109 89/First visible crack, 18000 lb. 
19000) .532}.4085].1732].2843}.0818) 116 96 
20000) .559}.4160].1654).2935).0725) 124) 103 
21000] .609}.4230}.1579}. 3022) .0638) 00130} .00109 
22000) .647|.4323].1481].3127|.0535) 139) 118 
23000} .697].4416].1378}.3237|.0425) 147) 127 
24000} .734].4512].1279|.3336].0330) 155) 137 ; mye: 
25000) .784|.4591].1194).3427].0240] 163) 144)/Manner of failure similar to 
Beam No. 2. Max. load = 29000 
26000] . 822) .4694] .1086] . 3534] .0128] .00171 155|lb. Top began to crush after 
27000} .884!.4791}.0980).3638].0022} 177|  170)load had dropped tc 27800 lb. 
28000] .947).4918].0842|.3769].4887| 190) 177 
2900011 035} .5100}.0633].3975].4656) 204; = 195 


56 ILLINOIS ENGINEERING EXPERIMENT STATION. 
BEAM NO. 14.—4. 3-1n. Kany, Bars. 
% 
S g Extensometer Reading |Deformation 
pe is Remarks 
We q , Upper 
= 8 I HUE) JOOE yy Steel Fibor 
a 

0 -000|.2351}.0177}.1064|.5541 |.00000] .00000 Upper contacts 1} in. below top 
1000} .007}. 2374] .0153). 1084] .5517 1 2|Lowerjcontacts 12} in. below top 
2000) .013}.2406).0121].1115] 6487 4 5|Gauge length 613 in. 

3000} .025}. 2444) .0081].1157).5449 Uf 9 

4000} .038}.2485} 0038) .1201] .5407 10 133 

5000] .063}. 2530} .4993] .1253) .5358 14 17 

6000} .088}.2586] 4934] 1324) .5292 |.00018) .00023 

7000) .145).2656).4860}. 1421] .5195 29 28 

8000] .183].2723] .4788] 1523] .5098 Bi 34 

9000] .233}.2789] .4724] .1612}.5012 44 39 

10000) .270}.2855}.4659}.1701] .4924 58) 46|First visible crack, 10000 Ib. 
11000) .308).2922] .4593}.1787]| .4840 | .00060} .00051 

12000} .333}.2983].4531).1865] .4761 66 56 

18000} .380].3045] .4465]}.1948} .4631 73 61 

14000] .417).3112).4397]. 2030] .4598 80. 67 

15000} .455).8180}.4323]. 2120} .4513 87 75 
16000] .492}.3242}.4253].2209] .4429 |.00093}.00080)Method of failure similar to 
17000} .542).3324].4169].2310] .4327 102 87|Beam No. 2. Max. load = 17200 
17200 lb. 

16000 3212] .4431 .00314} 00140 

BEAM NO. 15.—8 #-1n. ToacnerR Bars. 

0 000). 1560) 3546). 1813) .1470 |. 00000] .00000| Upper contacts 1} in. below top 
1000} .007).1575)| .38528}. 1829}. 1450 1 2)Lower contacts 124 in. below top 
2000} .013).1599).3504!. 1851). 1427 3 4|Gauge length 614 in. 

3000] .025]. 1628) .3473].1871].1394 5 6 ; 
4000} .037|. 1662) .3436].1919].1358 8 10 
5000} .062).1707).38388].1971}.1301 13 15 
6000) .088 .1767|.38313].2058) . 1202 |.00021] .00020 
7000) .125).1842).3233].2168].1078 30 26 
8000} .175).1910) .3159].2275) .0965 4] 31 
9000} .213,.1988) .8077|. 2393] .0841 52 3” 
10000} .250, .2062].3003: 2498] .0724 62 AA 
11000) .800) 2122) 2937]. 2591 .0620 |.00070) .00049| First visible crack, 11000 Ib. 
12000 337].2194] 2863} .2698} .0509 80 54 
12000 ‘ 0520 Extensometer IV rests, 12000 Ib. 
15000] .365}. 2259]. 2792) .2795) .0421 |.00090 .00060 
14000 .415}. 2329} .2714] .2902] .0307 100 65 
15000) .465).2405).2627] .3030}.0175 11] le 
| 
16000 .915]. 2518) 2488) .3231] .4930 |.00182 .00080 
EL TOO L462 | Method of failure, similar to 
17800|1 525 | 3eam No. 2. Max.’ load = 
18000|1.688 18400 Ib. 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 57 


BEAM NO. 16.—3 3-1n. Puatn Square Bars. 


oS 
§ & Extensometer Reading | Deformation 
ety 
: Om 

Se . Remarks 

as ® I It | I11 | IV | Steel |Upper 
os A Fiber 

ba eee Z 

0 .000 . 1836]. 1677). 38418) .2158 | 00000} .00000/Upper contacts 1} in. below top. 
1000} .007!.1855} 1654) 8435] .2145 1 2|Lower contacts 12} in. below top. 
2000} .013).1884).1622].3464].2104 4 5|Gauge length 60# in. 

3000] .031!.1921].1582) .3503]. 2066 7 9 
4000} .068'.1971).1528) .3564] 2005 12 14 
5000} .118).2065).1427).3703) .1863 24 22 
6000} .181!. 2209} .1280) .3932).1583 |.00048! .00031 
7000} .243}.2309}.1182).4105].1416 64 38 
8000] .288).2419]. 1073} .4287] 1238 81 48|First visible crack, 8000 Ib. 
9000] .338].2511)|.0982) .4432).1100 94 54 

10000] .375}.2599} 0897] .4555} .0975 107 Gil is 
8600 2921) 0575] .0302] .0248 |.00180}.00079)Manner of failure similar to 
9200 . 3359) 0131] .1302].4238 277| 104/Beam No. 2. Max. load=10000 
9000 3933) .4535} . 2602) . 2905 415} = 182/1b. 

9000]1 .625] .4936) .38500) .4830) .0630 576} 198 
BEAM NO. 17.—8 3-1ry. PLarn SQuare Bars. 

0 000] .4143].3755] 1878] .1772 | 00000] .00000| Upper contacts 1} in. below top. 
1000} .012) .4159].3739].1894).1752 1 1/Lower contacts 12} in. below top. 
2000) .025] .4187).3709) . 1920] .1723 3 4)Gauge length 603 in. 

3000) .037}.4218}.3673).1952|.1688 6 8 

4000} .062].4264) .3623} . 2004] .1630 10 12 

5000} .112}.4363). 3508}. 2173] .1445 28 19 

6000} .187|.4471!.3383).2370).1245 |.00043} .00028 

7000} .250}.4564!.3279].2537].1078| 61] 36 

8000} .300].4641}.3190}. 2679] .0945 75 43|First visible cracks just inside 
9000) .350).4720, .38094]. 2828] .0813 88 48leach load, 8000 Ib. 

10000 Manner of failure, similar to 
8100 4918: 2872} .3350).0308 137 56|Beam No. 2. Max. load=10000 
9000 .0713] 2030] .0470|.4170 347 93]1b. 

BEAM NO. 19.—3 $-1n. PLatn Rounp Bars. 

0 000] . 2002]. 3860) .1165].1748 | .00000} .00000| Upper contacts 141m. below top. 
1000} .007].2023} .3846).1184].1726 2 2|Lower contacts 12} in. below top. 
2000] .013}. 2055} .8802] .1213).1693 4 5|Gauge length 60} in. 

3000} .038].2092}.3761].1252].1651 7 9 

4000} .075].2171|.8665} 1368]. 1525 18 17 

5000} .175}.2357}.38459}.1699].1170 50 31/First crack near S$. load, 5000 Ib. 
6000} .250).2486] 3319]. 1938] .0940 | 00072] .00040 

7000} .312}.2602).3200].2137|.0740 91 50 

8000! .387|.2706} .3090}. 2301) .0564 106 56|Manner of failure, similar to 
9000] .487].2816].2973]. 2477] .0385 12) 66|Beam No. 2. Max. load = 9200 
9200| .737 Ib. 

8000 3594) . 2150) .4385) 3452 304) 102 
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ILLINOIS ENGINEERING EXPERIMENT STATION. 


BEAM NO. 20.—6 3-1N. JOHNSON Bars. 


lb. 


Applied Load 


0 
1000 
2000 
3000 
4000 
5000 


5000 

4000 

2900 

2000 

1000 
0 


0 
1000 
2000 
3000 
4000 
5000 


6000 
7000 
8000 


9000} 


10000 


10000 
8000 
4000 

0 


0 
1000 
2000 
3000 
4000 
5000 


6000 
7000 
8000 
9000 
10000 


11000 
12000 
138000 
14000 
15000 


& |Extensometer Reading | Deformation 
25) 

D 

B Upper 
A | 1 | I | IIL] IV | Steel [par 
000} .0213) .3191].1858).3705 |.00000| .00000 
011] .0234] .38168) .1874}.3681 Z 2 
.021} .0264} .8139} .1901] . 3656 3) 6 
035) .0301| .8098) . 1934] .38620 6 9 
052} .0346) .3048) . 1985] .3568 10 14 
.080} .0413] .2977| .2070} .3485 17s 20 
.980} .0407) .2978) .2095|.8476 |.00017} .00020 
.075} .0395) . 2991}. 2082] .38489 16 18 
.063) .0366] .8016) . 2056). 3514 14 16 
056} .0345} .8058) .2037].3535 13 14 
045} 0316} .8071]. 2009} . 3564 itil 11 
.032) .0285) .38102).1979) .3596 8 8 
032) .0311].3103) .1977|.3600 |.00008) .00008 
.041] .0330}. 3081] .1998} . 3577 10 10 
.051) .0360} .8051] . 2026). 8549 12 13 
. 062} 0386}. 3022) . 2053) .38521 14 15 
.075| 0420]. 2988} . 2085} .3490 16 18 
.089} .0454] 2953] .2124] 38450 20 22 

27| .0536) .2867| .2241|.3337 |.00029] .00029 
169} .0633) .2770} 2382] .3198 42 36 
229) .0754] .2647| .2565] .3022 57 47 
275} .0853| . 2552! 2708] .2885 70 
.d81|.0970| 2442) .2872|.2718 86 62 
331}.0991].2436] .2888].2724 | .00086] .00062 
. 309] 0942) .2487) 2823). 2787 @ 59 
230] .0759] . 2670) .2580) .8025 59 44 
. 130} .0581). 2901} .2289] .3316 34 27 
. 150} .05380).2911} 2254) .3320 | 00034] .00027 
. 141) .0560) . 2880) . 2294] .3289 36 30 
160} .0605) . 2833} . 2352] .3231 41 34 
185] .0660) .2777| . 2435] .3159 48 38 
209) .0710] .2725] .2503) .3091 54 43 
231) .0764| 2673) .2573} .3024 59 47 
. 253) .0812) .2623) .2641).2858 | .00066] .00051 
.276| 08641 .2572) .2711] .2892 71 56 
. 300] .0916| . 2519] .2781) 2823 is 61 
323) .0974| .2463) .2857|.2749 84 65 
349) 1032] . 2404) 2937] 2669 90 69 
. 388! 1110) 2327). 3050; .2558 |.00101| .00076 
438) .1201) . 2238] .3179] .2431 Wy 83 
488] .1303) 2140) .3313] 2300 124 o2 
048) 1415) 2028) 3459] 2157 137 102 
593} . 1544) 1902] .3614] 2008 148 114 


54|First visible crack, 9000. lb. 


Remarks 


Upper contacts 1} in. below ton 
Lower contacts 124 in. below top- 
Gauge length 60$ in. 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 


BEAM NO. 20.— }-1n. Jounson Bars. ( Continued.) 


a) | 
8 & Extensometer Reading} Deformation 
— 
s oO 
sce 2 Remarks 
Hen jo) 
e | A] © | Ir | ur] rv | steel |UpPer 
Ed iber 
15000) .593).1547). 1888] .3642|.2005 |.00148].00114 
12000) .558). 1450) .1985| .8495! .2353 135} = 106 
10000} .509] 1353} .2082] .3354] .2293 122 98 
8000} .454].1242} .2193}].3193] . 2450 109 89 
5000) .369].1056] .2376]. 2937]. 2707 86 72 

0 .218] .0683) .2750).2472) .38174 46 41 

0 . 218] .0673] .2771]. 2431) .3186 | .00046).00041 
1000) . 235} .0710) .2733] . 2468) .3145 50 i4 
2000} .260).0768!.2674). 2538] .3075 56 49 
3000} . 290) .0837]. 2606] .2625) .2983 63 55|= 
4000} .324|.0906]. 2535) .2720] .2893 71 61 
5000} .356) .0970) 2473]. 2804) .2808 79 67 
6000]. .387). 1033). 2407|.2894) .2720 ; .06086] .00072 
8000] .448).1161|.2279] 38072) .2545 102 82 

10000) .507|.1288].2153}.3247) .2371 italy 93 
12000) .565).1407].2081].3414] .2207 132 102 
14000} .628}.1539].1900; .8792) .2032 147; = 115 
16000) .703}.1700}.1740].3797|.1827 |.00165|.00127;)Manner of failure, similar to 
18000} .809).1920}.1517}.4063] .1565 188 149/Beam No. 2. Max. load=20900 
20000} .963}.2260}.1180] .4444/.1200 217 178|lb. 

BEAM NO. 21.—3 4-1n. Piatn Rounp Bars. 

0 000) .4822) 3274]. 1027] .3799 |.00000]. 00000|/Upper contacts 1} in. below top. 
1000} .009}.4842} .8256) . 1043] .3780 1 2!Lower contacts 12} in. below top. 
2000] .020).4869}.3228] . 1069) .3752 3 5iGauge length 603 in. 

3000] .032).4901).3194).1102].38618 6 8 

4000) .057).4964).3131}. 1180) 3634 13 1G; 

5000} .125).5116).2980) . 1411) .3377 35 25} 

4500 5123]. 2991]. 1448] .3382 |.00035].00025|Load ran down to 4500 Ib. while 
3500) .114].5098}.3013].1424) 3408 33 22\readings were being taken. 
3000] .109].5083}.38027].1409) .3425 33 21|First visible cracks under each 
2000} .095].5052].38059|. 1370) .3464 28 18}load at 5000 Ib. 

1000} .079}.5005} . 3096] . 1328) .8507 25 14 

0 .062! .4976] .3136] .1279] .3559 21 12 

0 .062;.0611].3130}. 1279] .3570 |.00021).00012 
1000} .072) .0034).3107] .1305) .3541 22 13 
2000} .085! 0066] .3075) .1347] 3501 26 16 
3000} .100}.0100}.3041| . 1389). 3409 S 19 
4000} .117|.0136) .3003} 1437]. 3411 3 By 
5000} .139!.0191).2950}. 1514) .38533 41 26 
6000} .194'.0296]. 2846) .1700) .3148 59 33 
7000} .. 268.0440] .2712].1963) .2874 84 43 
8000 a eve . 2583] . 2180} .2662 105 53 
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ILLINOIS ENGINEERING EXPERIMENT STATION. 


BEAM NO. 21.—3 3-1. PLArn Rounp Bars. ( Continued.) 
12} 
8 & |Extensometer Reading| Deformation 
A Be 
aS = Remarks 
o 
ce fom 
ra a) Q Upper 
S as) I It | IiL | IV | Steel lpy cy 
<< 
7800} .320).0552! 2593] .2191] .2658) 00105} .00053 
6000} .293].0493].2650} .2107| .2743 98 48 
3900] .203].0397|.2743]. 1965] . 2884 85 4] 
2000 .0295] .2845] .1805} 3045 70 33 
0 | .145}.0159].2977].1597|.3261 48 23 
0 | .145}.0145].2982}.1591] .3269] .00048] .00023 
2000} .178].0226}.2913].1701}.3159 60 30 
4000] .227|.0334}.2795].1871}.2986 76 38 
6000] .278].0445}.2686] 2050) .2810 93 46 
7000) .303].0500).2634,.2138).2721] 101 51 
8000} .333).0564|. 2568) 2243) .2615 ililal 54) Manner of failure similar to 
9000 Beam No. 2. Max. load=9000 
7500 .0747| .2374|.2725].2125] 160 63) Lb. 
BEAM NO. 22.—3 }-rn. KAHN Bars. 
ro Deformation 
S & | Extensometer Reading ! 
S 8 Extensometer Reading Contacts Contact: 
sores = 11 in. apart | 6 in. apart Remarks 
| RB 
tay v = ily Upper] g Upper 
2 } Ste a e =F, 
S A| I | I} TI/ IV | Steel fey | Steel abor 
0 |.000}.3660) 0227] 38319) .2852 |.00000] 00000) .00000].00000) 8 AR SETTY es 
1000} .016] .3635}.0248} .3346].2839 2 3 1 RESBeh sinicuces Al 
2000} .036] . 3598] .0283] .3389].2807 4 7 3 WES fos aaa 
3000} .057}.3555}.0321|.3435].2768 7 1 6 Wwssoee Shas 
4000} .081|.3508] .0363] .3490] .2723 10 16 10 WES 8h_° Sab. 
4900] .110}.3446] 0425] 3551) .2667 15 22 15 QS guesses me 
ce «Opt on seen) 
i 2 Pet 2 O 2 v.R és 
6000} .144} .3383] .0502].3621}.2609 | 00022] .00028) .00020].00030| $ — BS 62 Bo SH 
7000]. 176) .3320|.0567|.3687|.2544| 27; 35] 25] 36). SSG gee" 8 
8000] . 210) .3257| .0639] .3754].2485 33 41 34 iS S$soagR Reus 
9000} .243].3189].0711]. 3825] .2422 39 48 36 BO ley 2 spe 
10000} .279} .3122}.0784] .3896] .2360 46 55 41 56] 2 's-2o & eS og 
a GS one eee 
11000} .315] 3049] .0854].3975/.2297 |.00051| 00062] 00046] 000641 BSH 2. @ 8 ES 
12000} .351].2977| 0923! 4054] .2233 56 70 52 72/8 Baw eS J 2 S'o 
12800) .390] 2894} .0997|. 4139] .2166 62) 79) 58] 81/8 E'S es 
14000] .482]. 2808] .1073].4231| 2097 68 88 63 oOre oe he BOR oie 
14800] .473].2718].1153].4328] .2026 73} 98l 68| 1001.8 § Sem Ye Ea 
eS a BARS Sey 
2 929 ots Ov = ese oop Ke) 
16000} .510) 2631). 1230] .4427].1954 | 00079] .00108| .00074|.00110/8 3a SE -— 584 
17000) .558}.2536! 1310].4533].1880 86] 117 79] 122/93 o So Sto eus 
18000} .600| 2439] .1390].4638].1807|  91/ 128, 84| 199;)5 88988 % 
19000} .661}.2281| .1502).4803].1710 97| 147 90} 1b1lzae Seeee 2S 
20000} . 725]. 2309].1819] .4988].16 7 wil Sadie s S 
725 )9}. 1819) .4988} .1600 97 17634988. Sees 
4 a 
; 


TALBOT—TESTS OF REINFORCED CONCRETE BEAMS. 61 
BEAM NO. 22:—3 }-1n Kaun Bars. (Coitinued. ) 
= 
: Deformation 
§ & Extensometer Reading 
, £ Contacts Contacts 
Ks = 2 ilin. apart | 6 in. apart Remarks 
Fer a hie bar | IV’ |a,. .. Upper Upper 
& | | Steel | Fiber | Steel Fiber 
21000] .773 .1978 .1705!.0132 .1523. }.00109|.00182] .00102 .00187 
22000} .845 .1764 . 1838) .0356 1401 115) 205). 109) 210 
23000 - 1472 .2020 .0673 .1234 125) 241) 120) 246 
23600 .1285 .2155'.0880 .1110 1341 261) 1271 ' 270 
BEAM NO. 27.—4 }-1x. Puary Squarr Bars. 
ize) . 
S ee Deformation. 
5 & | Extensometer Reading 
ales Contacts Contacts 
3| 3 ontacts ontacts 5 z 
os 2 11 in. apart | 84-in. apart Remarks 
= |3 ; 
Bs || {S) i IE |) QOOL Faw say \Wpper! a..., |Wipper 
si Steel Fiber Steel Fiber 
0 |.000) 0389) .4834) 2558) .4091 |.00000/.00000).00000}.00000;) ES o2eGP & 
1000; .012] 0371) 4847]. 2578] .4082 i 2 0 28. Sse8 mH 
2000) .018} .0348} .4864| . 2603} 4067 2 5 1 ae es 
3000} .031].0320) .4888] . 2635] .4045 3 8 3 8} 6 pas ad oc 
4000] .043|.0291).4913]. 2668] .4021 5 il 5 12 g = See 
5000) .056} .0251].4950] .2709) .38987 8 15 8 16 ‘S a0 @ oS = 
Syd oso 
nnnon| & & aera tr) 10) 
6000) 081) .0215} .4989).2751).3947 | .00012) .00019} 00011) .00020) 5 Gee Stee 
7000}. 106] .0167} .0043] .2807] .8892 16 23 17 26) don, Se =e 
8000}. 131} 0116) .0103} . 2865] .3830 21 28 22, 30 S geq eS 2 
9000}. 162] .0058} .0169]. 2932] .3761 26 33] 29, Barer eS 's 
10000; . 187] .0008} .0232] .2989}.3700 35 3 35 40,2 ESNE : S 
o@ SO fed) o 
11000) .212). 4954} 0298} .8048).3640 | .00039) .00044] .00040| 00045) ~~ E ae ais rs 
12000) .243) .4902] .0361].8110).3578 44 49 45 SIS aE ey PRES 
13000] .270} .4852] 0423] .3168}.3519 50 55 51 56) eo S FL RrS 
14000] . 294] .4815] .0479] .38221) .3467 56 56 56 61 fe a Sra oo BS 
15000} .331) .4748) .0546] .3286) .3404 62 63 62 68 ne q oF Bae 
16000) .356} 4687} .0612).38352).3343 | .00066) .00070} 00067] .00074 5 oe Bis So, 8 
17000] .394) 4638] .0669] .3408] .38292 71 74. at 79 oe gS 3 o5 3 
18000) .419}.4572} .0732] 3470) 3237 76 81 76 86 & 2% 2 Bos a s 
19000) .443) 4523) .0797] .3534).3178 83 86 83 oe 3 a0 Pee ween 
20000} .481)}.4459! 0862] .3605].3118 88 92 86 99) 8 Fg PE SOR 
Jeq Senos ss 
21000} .506} . 4400! .0925).3670}.3060 | .00093) .00099 00092 00106 as = SOS 5 5 
22000) .537| .4337].0993].3739] .2998 99 104 97 My ae oe 25 3 
23000} .570) .4270]. 1062) .3811).2934 104 ill ol 102 1183S = & 4 aeiare=| 
24000} .606] .4193} . 1140}. 3900}. 2863 111 120 108 127 Sse cS ie z 
25000] .643] .4109}. 1231) .3988].2789 118 128) 115 Io}! SA sii is 
26000!.681] 4043]. 1289] .4062).2728 122 134 120 144 
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ILLINOIS ENGINEERING EXPERIMENT STATION. 


BEAM NO. 28.--6 3-1xn. Jonnson Bars.” 


Applied Load 
lb 


1000 
0 


0 
1000 
2000 
8000 
4000 
5000 


‘6000 
7000 
9000 
11000 
13000 
15000 


15000 
14000 
13000 
12000 
11000 
10000 


8000 

6000 

4000 
0) 


0 
1000 
2000 
3000 
4000 
5000 


7000 
9000 
11000 
13000 


15000) .393 


Extensometer Reading 


Remarks 


Upper contacts 1} in. below top. 
Lower contacts 12} in. below top. 


Gauge length 60} in. 


First visible crack, 9000 Ib. 


I Deformation 
& 
S 
@ eR Upper ‘ 
a I LO SEs Sie Steel Fiber | 
| 
. 000} .0709! . 2507) .3389) .4191 |.00000) .00000 
.012] .0730). 2484] .3408] .4173 1 2| 
025] .0759| . 2454] 3433) .4147 3 5 
.037] .0791) . 2417) 3464] 4114 i} 9 
. 062] .0831] .2375}.3499] .4075 8 US 
062] 0836} .2341].3498].4057 |.00008) .00013 
050} .0813} .2364|.3479].4078 6 10 
.0798] .2379]| .3464) 4093 (5) 9 
.031| .0775} . 2405) .3443].4116 4 6 
018} .0752) . 2434) .3420) 4141 2 4 
018} .0709] . 2466] .8428) .4154 |.00002] .00004 
.080] .0730} . 2444] 3443) 4135 B 6 
.049] .0755] . 2418] 3463] .4112 5 8 
.055} .0778} . 2393] .3484] .4091 6 11 
.061| .0805) . 2364] 3508]. 4064 8 14 
074) .0841) . 2327) .3543] .4027 a 1 
.093} 0888) .2274] .3592).3973 |.00014! 00022 
118] .0946) . 2215) .3655} .3905 20 Dil 
. 180). 1066} . 2082) .3799) .3751 By 40 
. 243] .1185) . 1954] .3936) .3603 44 50 
. 305) .1307|. 1820} .4071|.3458 56 63 
368} .J 453] .1663] . 4225] .3297 68 78 
. 968) . 1494}. 1607] .4223) .3314 |.00068|.00078 
. 362) . 1485) . 1616} .4210}.. 3328 66 76 
.306) . 1459} . 1642) .4179].3360 63 7) 
. 344) 1429) 1674). 4144] .3397 60 71 
.825} 1399]. 1708] .4109] .3431 57 69 
.306]. 1378] 1741] .4072] 3471 5D 66 
. 281} .1300} .1811}.38993].8551 |.00048] .00060 
. 244) . 1226) 1890] .3909] .83639 40, Gil 
. 206} .1141] .1980).8818) .3732 3 43 
. 119} .0960} . 2176}. 3612) .3931 18 25 
. 119} .0975] .2225] .3621).3942 |.00018].00025 
.0988} 2205] .3649] .3912 At 26 
. 143] .1019] .2169] . 3683] .3872 24 30 
. 156) . 1059} 2125] .8721|.3829 26 oo 
.181].1099] . 2080] .83770; .8777 31 38 
.194} 1132] . 2043] .3811].3735 33 4] 
243! .1210).1960}.3901| .3642 |.00041|.00048 
. 275} 1287] .1875] .3988! .3550 48 56 
. 3046] , 1362] .1792] .4077| .3461 56 63 
343) . 1432) 1714] 4157] .3377 63 70 
. 1519} .1620 SE At) 70 80 
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BEAM NO. 28.—6 }-1n. Jounson Bars. (Continued. ) 


co 
3 
3 g Extensometer Reading | Deformation 
35 e Remarks 
@ | S| 1 | Ir | Tr TV | steel | Upper 
Ea Se iber 
15000) .893}.1521).1618] .4258] .3267 |.00070] .00080 
14000} .381).1505].1635) .4239] .8286 69 78 
13000] .369].1476) .1663] .4218] .3317 67 75 
12000] .356}.1446}. 1695) .4173] .3350 64 iP 
9000} .306}.1346]. 1802) .4054|.3469 58 63 
6000) .244).1232).1923) 3923] .3605 43 51 
3000} .194].1104]. 2060} .3795) .3749 33 39 
0 .119}-.0960} .2219} .3640} .3904 21 24 
0 .119}.0956} .2271] .3633].3900 | .00021] .00024 
1000} .131}.0982) .2245] .3656] .3876 22 ON 
2000} .150}.1021) .2203] .3695] .38834 26 BOS 
3000) .169].1063) .2160].3740].3785 30 35 
4000) .181}.1102].2114)|.3784|.3740 33 40 
5000} .206].1146) .2070].3833}.3690 36 43 
7000} .244)}.1227).1982} .3922] .3597 |.00043] .00051 
9000} .281}.1307].1897| 4010) .3505 50 60 
11000} .319}.1384].1812]}.4090] .3413 61 66 
13000] .356].1459] .1732) .4193} .3325 66 73 
15000] .3894|.1535)}.1649] .4270} .3237 73 81 
17000) .456).1656) .1520).4395}.3085 | .00083] .00093 
19000} .518}.1775}.1410).4520] 2954 93 103 
21000} .593!.1932].1220] .4669] .2795 105 IPA 
23000] .669].2108).1019}.4828} .2632 116 139 
25000] .756}| . 2358} .0755| .0034] 2415 130 166 
27000] .869) .2607) .0480) .0235] .2205 142 192 
29000) .981)}.2935] .0150}. 0460) .1958 156 228 
31000}1 .119] .8250} .4810].0689].1718 169} 260] Manner of failure—Top crushed 
33000]1 .349; .4002} .4035).1142].1206 192 348] out at max. load, 34300 lb. 
BEAM NO. 29.—6 3-1n. JoHnson Bars. 
0 000). 2041] .0675].3647] .4026 |.00000].00000/Depth, 8in.; length, 12 ft.;span, 
1000) .037).1961].0720].3523} .4150 5 7/10 ft., 8 in. 
2000) .075].1849] 0832] .3355).4319 Ma 17;Upper contacts 1 in. below top. 
3000} .137].1688! 0993] .38124].4553 24 30] Lower contacts 7 in. below top. 
4000] .237|.1441|.1242].2794].4893 42 46] Gauge length, 48} in. 
5000] .337].1165) .1523).2412).0285 63 65|I and I] were 11 in. above upper 
contacts and 23 in. above III 
6000] .425].0922].1778}.2075|.0640 |.00081|.00083)and IV. 
7000) .525}.0631).2071].1648]}.1083 100 107|First visible crack, 2500 Ib. 
8000} .650}.0335}.2357].1200}. 1538 119 es 
9000] .775}.0007|. 2685} .0678} .2065 139 166 
10000] .925} .4643] .3041) .0075}.2670 156 205 
11000]1 .087} .4206] .3469] .4310).3445 184 250) Manner of failure—Top crushed 
11700}1 .524] .3465] .4192) .2950).4818 219 338}out at max. load, 12200 lb. 


64 ILLINOIS ENGINEERING EXPERIMENT STATION. 
BEAM NO. 11.—Puain Concrete. 

ae 

5 & | Extensometer Reading | Deformation 

oe g Remarks 

S a 
i a) Lower| Upper 
BE }A|] I | W|I | IV | Fiber | Fiber 
oe fee ae taf 

0 |.000}.0653} .0529}.3000| .3853] .000000} .000000| Upper contacts 14 in. below top. 
200 |.001} 0660] .0525} 3002) .3849 5 “5| Lower contacts 12Fin. below top. 
400 |.003}] 0663) .0522|.3007| .3847 5 8/Gauge length 614 in. 

600 | .004| 0666] .0518}.3011) .3841 12 12 
800 |.006}.0671].0514).3015| .3837 15 17 
1000 |.007,.0676) .0507|.3022) .3831 Zi 21 
1200 |.009} .0682] .0502).3028] .3825 Pall Pi é 
1400 |.012} 0688} .0495] .3035) .3818 35 33|Manner of failure—Broke sud- 
1600 |.015!.0694).0488) .3042} .3811 42 40\denly across a vertical section 
1800 |.018}.0701].0481'.3049; .3803 48 45\near the S. load at 2600 lb. Fail- 
2000 |.022) 0708] .0473].38058] .38795 55 58}ure oecurred while no load was 
2200 |.023).0715].0465}.3064) .3787 65 60|/being added but before the ex- 
2400 |.028) .0723) .0457|.38075| .3777 75 68\tensometer dials had come. to 
2600 |.031|.0735] .0444].3093] .3750 96 76\rest. 

BEAM NO. 18.—Prain Concrete. 

0 |.000].1462/.1123].38940] .4605) .000000] .000000] Upper contacts 14 in., below top. 
200 |.002).1465].1121).3942) .4600 3 2|Lower contacts 12} in. below top. 
400 |.004|.1470}.1118).3947) .4595 8 5|Gauge length 61} in. 

600 |.008}.1474).1114].3953] .4588 16 8 
800 |.010).1478}.1109} .3960} .4581 7433 12, 
800 |.010}.1482}.1091].3962} .4601) .000023} .000012 

Q |.002}.1471).1114].3949] .4612 11 0 

0 |.002).1470).1118}.3949] .4617 11 0 
200 |.004|.1472].1115].3950) .4614 LBs S 
400 |.006).1475].1113].3951) .4611 15 6 
600 |.009].1481}.1109].3955] .4606 20 10 
800 |.010!.1485}. 1104} .3959} .4601 24 15 

1000 |.012}.1490}.1099] 3965) .4596 29 23 
1200 |.014}.1495).1094| 8973] .4589 37 25 
1200 |.014].1499].1082).3973] .4961].000037} .000025 

0 |.004}.1480}.1105].3953] .4982 18 3 

0. |.003}.1494].1119].3951] .4943 18 a} 
200 |.006].1497|.1116].3953] .4941 20 7 
600 |.010},1505}.1107|.3960} .4933 26 15 

1000 |.013}.1515}.1095}.3968] .4925 By) 26 
1400 |.018}.1526].1084|.3977] .4915 40 or 
1800 |.022}.1542].1067|.3993] .4899 55 54 
2000 |.027).1550).1058|.4003) .4890 65 61 
2000 | .028}. 1520). 1046] .3992] .4904| .000065] .000061 

QO |.010].1480}.1088}.3954]} .4943 29 21 

Q |.010).1466].1138].3951] .4931 29 21 
200 |.010}.1469].1135].3952] .4930 29 24 
600 |.014|.1476].1127|.3961] .4920 39 31 
1000 |.019].1485}.1118].3969] .4911 47 39 
1400 | 021). 1495) .1106].3978] .4900 57 50)Manner of failure—Broke sud- 

sa te ee - 1096) .3989} .4890 67 60\denly across vertical section 
22 .031}.1516},.1083}.4001) .4878 77 72\near the center at 2400 lb. 


